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ICOM 


Dual Band Mobile & Handh< 


K7IM 


UBIE YOUR BANDS 


Dual Band Radios from ICOM! 

Double your operating pleasure with Icom’s new dual 
band IC-3210 mobile and IC-32AT handheld FM trans 
ceivers. Each unit incorporates a wealth of special 
features and options designed to move you into the fore¬ 
front of todays expanded 2-meter and 440MHz activity. 
Icom dual banders: the FM enthusiasts dream rigs! 

Wideband Coverage. Both the IC-3210 and 
IC-32AT receive 138 to 174MHz including all NOAA 
weather channels, transmit 140 to 150MHz including 
MARS/CAP, and operate 440 to 450MHz. Total 
coverage of today s hottest FM action! 

Full Duplex Operation. Simultaneously transmit 
on one band while receiving on the other for incom¬ 
parable dual band autopatcning! 

20 Memories. Store any combination of standard or 
odd repeater offsets and subaudible tones. 

Powerful! The IC-3210 delivers 25 watts output on 
both bands. The 1C-32AT is five watts output on both 
bands. Selectable low power for local use on both units. 

Programmable Band and Memory Scanning. 

Includes easy lockout and recall of various memories. 
Exceptional flexibility! 

Repeater Input Monitor Button. Opens the 
squelch and cnecks Tx offset simultaneously. 


Priority Watch. Monitor any channel for calls 
while continuing operation on another frequency. 

Optional Beeper. Monitors for cails with your 
subaudible tone, then gives alerting beeps. 

Double Your Bands with Icom’s dual band 
IC-32AT handheld and IC-3210 mobile, and double 
your operating pleasure on 2-meters and 440MHz. 


?COM 


First in Communications 

COM Amenca Inc, 2380-11601 Aye N£. Bellevue WA 90004 Customer Service HoUne (206) *54-7619 
3160 Planer Dnvs, Su*e 126. tryna, TX 75063 1777 Ptioeno Parlrway, St*e 201. Alarta. GA 30349 
COM CANADA. A Denson d COM Amenca Inc. 3071 - *5 Hoad. Un4 9 Rchmond, BC V6X 2T4 Canada 

Al start spec*c»or>s iwt sutpd id change wOxxi nobco or ot*grton Al COM r*** «cead FCC 
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THE ALL NEW PRIVATE PATCH IV BY CSI HAS MORE 
COMMUNICATIONS POWER THAN EVER BEFORE 


• Initiate phone calls from your HT or mobile 

• Receive incoming phone calls 

• Telephone initiated control. .. 

Operate your base station with complete control from any telephone 
^ Change frequencies from the controlling telephone 
^ Selectively call mobiles using regenerated DTMF from any telephone 
Eavesdrop the channel from any telephone 
Use as a wire remote using ordinary dial up lines and a 
speaker phone as a control head. 


( DIAL ACCE 

OTMF COS 


DIAL ACCESS REMOTE /INTERCONNECT 


Private Patch W. 
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• • 
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The new telephone initiated control 
capabilities are awesome. Imagine 
having full use and full control of 
your base station radio operating 
straight simplex or through any re¬ 
peater from any telephone! From 
your desk at the office, from a pay 
phone, from a hotel room, etc. You 
can even change the operating 
channel from the touchpad! 

Our digital VOX processor flips your 
conversation back and forth fully 
automatically. There are no buttons 
to press as in phone remote 
devices. And you are in full control 
100% of the time! 

The new digital dialtone detector 
will automatically disconnect Pri¬ 
vate Patch IV if you forget to send # 
(to remotely disconnect) before 
hanging up. This powerful feature 
will prevent embarassing lock-ups. 

The importance of telephone in¬ 
itiated control for emergency or 
disaster communications cannot be 
overstated. Private Patch IV gives 
you full use of the radio system from 
any telephone. And of course you 
have full use of the telephone 
system from any mobile or HT! 

To get the complete story on the 
powerful new Private Patch IV con¬ 
tact your dealer or CSI to receive 
your free four page brochure. 

Private Patch IV will be your most 
important investment in commun¬ 
ications 
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^ NEW FEATURE 

^ * m or multi digit connett/discon 
neet 

✓ Fully regenerator.! tone dialing 

• Pulse dialing 

• Toll protection 

• Secret toll overude code 

• Busy signal disconnect 
Dialtone disconnect 
CW identification 

• Activity timer 

• Timeout timei 

^ Telephone initiated control 

Regenerated DIMF selective calling 

• Htnyoul 

^ Hinyout or Auto Answer on l b rings 

• Busy channel nnyout inhibii 
status messages 

^ Internally syueiched audio 

• MOV lightning protection 
^ Hunt panel status led s 

Separate OW ID level control 
^4 dip switches make all features 
user programiiiable/seleclable 


■ Connects to MIC and ext. 
speaker jack on any radio. Or 
connect internally if desired. 

■ Can be connected to any HT. 
(Even those with a two wire inter¬ 
face.) 

■ Can be operated simplex, 
through a repeater from a base 
station or connected directly to 
a repeater for semi-duplex opera¬ 
tion. 

■ 20 minutes typical connect time 

■ Made in U.S.A. 


OPTIONS 

1. Vi second electronic voice delay 

2. FCC registered coupler 

3. CW ID chip 

/ 

Connect Systems Inc. 

23731 Madison St. 
Torrance CA 90505 
Phone: (213) 373-6803 
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Miami FL 
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Miami FL 
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. pacesetter in Amateur Radio 


Affordable DX-ing! 

TS-140S r 


HF transceiver with general 
coverage receiver. 

Compact, easy-to-use, full of oper¬ 
ating enhancements, and feature 
packed. These words describe the 
newTS-140S HF transceiver. Setting 
the pace once again, Kenwood intro¬ 
duces new innovations in the world 
of “look-alike" transceivers! 

• Covers all HF Amateur bands with 
100 w output. General coverage re 
ceiver tunes from 50 kH/ lo 35 MH/ 
{Revolver specifications guaranteed tram 
f>oo kt i / to 30 mi i/ 1 Modifiable for HF 
MARS operation. /Permit required) 

• All modes built-in. LSB, USB, CW, FM 
and AM 

• Superior receiver dynamic range 

Kenwood DynaMix " high sensitivity 
direct mixing system ensures true 102 
dB receiver dynamic range 



• New Feature! Programmable band 
marker. Useful for staying within the 
limits of your ham license. For con- 
testers. program in the suggested 
frequencies to prevent QRM to non 
participants. 

• Famous Kenwood interference 
reducing circuits. IF shift, dual noise 
blankers, RIT. RF attenuator, selectable 
AGC, and FM squelch 
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• M. CH/VFO CH sub-dial. 10 kHz step 
tuning for quick QSY at VFO mode, and 
UP/DOWN memory channel for easy 
operation 

• Selectable full (QSK) or semi 
break-in CW. 

• 31 memory channels. Store Ire 
quency, mode and CW wide/narrow 
selection Split frequencies may be 
stored in 10 channels for repeater 
operation. 

• RF power output control. 

• AMTOR/PACKET compatible! 

• Built-in VOX circuit. 

• MC-43S UP/DOWN mic. included. 
Optional Accessories: 

• AT-130 nripai l .jtileri' i.j tuner • AT 250 auto 
mail, antenna tuner • HS-5/HS-6/HS-7 head 
phones* IF-232C/IF-10C oiMpuleniileilai e 

• MA-5/VP-1 HI mobile antenna (S bandsi 

• MB 430 mobile bracket • MC-43S extia 
UP/DOWN hand mu • MC-55 (H | mu yi'.r nec k 
mobile mu • MC-60A/MC-80/MC-85 desk mius 

• PG-2S extra DC. able* PS-430 power Supply 

• SP-40/SP-50B. lull ..peakeis* SP 430 

external speaker* SW-100A/SW-200A/SW-2000 
SWR/powet meters • TL-922A ? kW PEP hiti 
ampllliui (in >1 Inr CW r JSK1 • TU-8 CTCSS lone unit 

• VG-455C-1 500 H/deluxe CW fitter VK-455C-1 
New 500 Hz CW tiller 
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TS-680S 


All-mode multi-bander 

• 6m (60 64 MH/) 10 Woutput plus .ill HF 
Amateur bands (too W output) 

• Extended 6m receiver frequent y range *16 MH/ 
to 60 MH/ Specs guaranteed from 50 to 54 MH/ 

• Same functions of the IS 140S except optional 
VOX (VOX 4 required tor VOX operation) 

• Pro implifier lor 6 and 10 metei band 
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Let's dust off that used equipment! 

We received some interesting letters following Joe Schroeder’s June editorial “Novice enhancement 
and the future of Amateur Radio.” Some lamented the relatively high cost of new equipment and others 
felt, like Joe, that the best bet would be a market survey asking present and former operators what 
helped or hindered their developing Amateur Radio interest. One ham, returning to the hobby after 
20 years, found the latest equipment to be reasonably priced and of good quality. 

Novice enhancement has given beginning Amateurs increased operating privileges, but can they afford 
the cost for new equipment to get on the air? Someone just starting in the hobby may not want to sink 
a small fortune into his rig until he knows what he really wants. And how much does a Novice really 
need: a radio that covers 10 through 80 meters, CW and SSB capabilities — that’s about it. This may 
seem like an oversimplification, but how many Novices need all the bells and whistles? For those who 
can afford it fine; for those who can’t... 

Here’s a pitch for you. A good majority of us have lurking in our basements a veritable storehouse 
of used equipment. Stuff that we’ve outgrown as we’ve upgraded our shacks. It’s my bet that there 
are numerous Novices out there that would just love to put this equipment to use. Starting immediately, 
on a space available basis, we’ll run free classified ads for our subscribers to sell old, used equipment. 
Here’s a perfect opportunity for you to help a new ham get on the air. 

You don’t want to sell it? Then why not become an Elmer and help that new ham by lending him 
your perfectly good, but long forgotten, transceiver along with some assistance in establishing his first 
station? 

How many of you remember your first station? I’m sure most of us can credit a certain special person 
(our Elmer) for his invaluable time and assistance in helping us to put that first, hesitant CQ on the 
air. I know I do...thanks Bill, K1BH. 

Marty Durham, NB1H 
Technical Editor 

As you can see by the enclosure, we’re hard at work on the new Ham Radio Magazine. We think 
you’ll be excited by it. Your suggestions in informal surveys have resulted in a major effort on our part 
to make HR the magazine you want. Every month there’ll be at least two projects of the weekender 
type — simple, easy-to-build ideas that will add to your Amateur operation. New layout, fresh graphics 
and plenty of surprises are in store for Ham Radio readers. 

Your input is most important to us. Let us know what you think. Starting next month, there’ll be an 
evaluation card for you to fill out and return. So, after you’ve been through the September issue, send 
a note, call, or look us up at a show. We’ll be waiting to hear from you. 
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Three Choices for 2 m! 


TM-2570A/2550A/2530A 


Feature-packed 2 m FM 

transceivers 

« 

The all-new “25-Series” gives you 

three RF power choices for 2m FM 

operation: 70 W, 45 W, and 25 W. 

Here’s what you get: 

• Telephone number memory and 
autodialer (up to 15 seven-digit phone 
numbers) A Kenwood exclusive! 

• High performance GaAs FET front end 
receiver 

• 23 channel memory stores offset, 
frequency, and subtone. Two pairs 
may be used for odd split operation 

• 16 key DTMF pad with audible monitor 

• Extended frequency coverage for 
MARS and CAP (142 149 MHz; 141 151 
MHz modifiable) 

• Center slop tuning a Kenwood 
exclusive! 



• New 5-way adjustable mounting 
system 

• Automatic repeater offset selection 

another Kenwood exclusive! 

• Direct keyboard frequency entry 

• Front panel programmable 38-lone 
CTCSS encoder includes 97 4 Hz 
(optional) 


• Big multi color LCD and back lit 
controls for excellent visibility 

• The IM 3530A is a 25 watt version 
covering 220-225 MHz. The first full 
featured 220 MHz rig! 


ryy Introducing... 

Digital Channel Link 

Compatible with Kenwood's DCS 
(Digital Code Squelch), the DCL system 
enables your rig to automatically QSY 
to an open channel. Now you can auto¬ 
matically switch over to a simplex 
channel after repeater contact! Here's 
how it works; 

The DCL system searches for an 
open channel, remembers it. returns 
to the original frequency and transmits 
control information to another DCL- 
equipped station that switches both 
radios to the open channel. Micro¬ 
processor control assures fast and 
reliable operation. The whole process 
happens in an instant! 



CTUN 


KENWOOD 


TM-2570A 


144 MH/ FM TRANSCEIVER 


Optional Accessories 

• TU-7 38 tone CTCSS encoder 

• MU-1 DCL modem unit 
» VS-1 voice synthesizer 

• PG-2N extra DC cable 

• PG-3B DC line noise tiller 

• MB-10 extra mobile bracket 

• CD-10 call sign display 

• PS-430 DC power supply for 
TM 2550A/2530A/3530A 


• PS-50 DC power supply lor TM-2570A 

• MC-60A/MC-80/MC-85 desk mics 

• MC-48B extra DTMF mtc. with UP/DWN switch 

• MC-43S UP/DWN mic 

• MC-55 (8-pin) mobile nnr with time out timer 

• SP-40 i ompacl mobile speaker 

• SP-50B mobile speaker 

• SW-200A/SW-200B SWR/power meters 

• SW-100A/SW-100B compact SWR/power meters 

• SWT-1 2m antenna tuner 


Compare service manuals «»/e avaliable lot nil Kcnvirocxt transceivers and most acresso/n" 
Spf.*t ./ri and prices are sub/ect to change tviihoui nntir e or obligation 

Slier ih. .linin'. gu.n.tntPvtl on Amateur barn!'. only 


Actual size front panel 
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Join the fun at th 



Whatever your interest, 
you’ll find the Kantronics 
All Mode™ at the top of 
the pack. CW, Radio¬ 
teletype, AMTOR, ASCII, 
WEFAX and Packet, 
“KAM handles them all.” 
HF and VHF simultaneous 
operation? You bet! The 
KAM can operate RTTY 
or AMTOR on HF while 
communicating Packet on 
VHF. Believe it. It’s the 
only true dual-port on the 
market. 

World-Class 

Swedish and German 
hams have noticed RAM’s 


engineering and are some 
of our biggest fans. The 
Japanese scrutinized our 
features and gave us ideas 
for extras like a subject 
field for the Personal 
Packet Mailbox™, listings 
of digipeater paths and 
more CW characters and 
functions. We are shipping 
KAM around the world. 

Fun for Everyone 

You’ll be the envy of the 
airwaves with all the 
modes and features KAM 
brings to your fingertips. 

In addition to Packet, 
ASCII, AMTOR, 






























j top of the pack! 


WEFAX. CW and 
Radioteletype, you’ll have 
Dual-Port Operation (the 
only TNC offering this 
feature), Personal Packet 
Mailbox™, KA-NODE™, 
gateway, and digipeater 
operation. 

You can operate non¬ 
packet modes on HF while 
maintaining a packet 
station at the same time on 
VHF. Or run an HF/VHF 
accessible personal 
mailbox or pc-based BBS 
totally dedicated to 
packet. Configure your 
KAM as an HF to VHF 
digipeater (gateway) or 


KA-NODE. Or open your 
LAN to the world. All 
these modes and more 
features are waiting to be 
discovered. Increase your 
station abilities to the most 
advanced available. 

Today and 
Tomorrow 

KAM is packed with all 
the latest features of today 
with Kantronics-written 
firmware. And since we 
write and copyright our 
own firmware, we’re in a 
position to lead you into 
the exciting modes of 
tomorrow first. We have a 


history of keeping our 
customers current. Proof is 
in our firmware updates 
(2.7 in 1987 and 2.83 in 
1988) offered at a fraction 
of the cost of a new 
purchase. 

So join the fun, join the 
Top of the Pack. 


KKantronics 

RF Data Communications Specialists 

1202 E 23 St Lawrence. Kansas 66046(913) 842-2746 
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Kantronics All-Mode. KAM. Personal Packet 
Mailbox, and KA-NODE are trademarks ot 
Kantronics Company. Inc 







TV SYNC FILTER 
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DPM-1000 


$54.95 


3.5 DIGIT PROBE TYPE DMM 

Custom 60 pin LSI chip provides accuracy and reliability in 
such a compact size Autoranging, audible continuity and 
data hold feature help you pinpoint the problem quickly 
Case and batteries included 

• Basic DC accuracy plus minus I* 

• DC voltage 2v-500v. autoranging 

• AC voltage 2v-500v. autoranging 

• Heaislanco 2 Xohms~ 2 Mohms. aufotangmg 

• Fully overload protected 

• Input impedance 11 Mohrn 

• Approx o' V* * r*^V Under3ozi 


* 2 YEAR REPLACEMENT WARRA1VTY 

* 30 DA V MONEY BACK GUARANTEE 

* TOLL FREE TECHNICAL SUPPORT 

* IMEXT DAY AIRSHIP AVAILABLE 


COPYRIGHT 1987 JOB MICRODEVICES 


JDR INSTRUMENTS, 110 KNOWLES DRIVE, LOS GATOS, CA 95030 
RETAIL STORE: 1256 SOUTH BASCOM AVE, SAN JOSE, CA (408) 947-8881 


OROt 


:c 


MasterCord 




m 


mum 


Complete customer satisfaction...superior service...friendly, knowledgeable personnel, 
quality merchandise...providing the best values in leading edge technology. 
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DMM-100 $29.95 

3.5 DIGIT POCKET SIZE DMM i 

Period for tbe field service technician Shirt pocket size 
without compromising features or accuracy Large easy 
toread '7'LCOdisplay Fully overload protnclod for safety 
2000 hour battery life with standard 9v cell Probes and 
battery included 

• Basic DC accuracy plus minus 0 5% 

« DC voltage ?v tOOOv. 4 ranges 

• AC voltage 200v-750v 2 ranges 

• Resistance 2k ohms-2M ohms. 4 ranges 

• DCcurront 2mA 2A. 4 ranges 

• input impedance lOMohm 

• Fully Ovorload protected 

• Approx 5“x3"x 1" Under 7 ozs 


DMM-200 $49.95 

3.5 DIGIT FULL FUNCTION DMM 

Get highly accurate performance at a very affordable price 
Rugged construction 20 amp current capability and 22 
ranges make it a perfect choice for serious field or bench 
work Low battery indicator andtill-stand Probes and 2000 
hour battery included 

• Basic DC accuracy plus or minus 0 25% 

• DC voltage 200 mv 1000 V 5 ranges 

• AC voltage 200mv 750V granges 

• Resistance 200ohms-20Mohms. 6ranges 

• AC DC current 200pA 20A 6 ranges 

• Input impedance lOMohm 

• Fully overload protected 

• Appro, rxS'rxnr wi nois ^ 184 


DMM-300 $79.95 

3.5 DIGIT DMM MULTITESTER 

This lull function 3 5 digit DMM offers highly accurate 
performance and a host of added features like audible 
continuity, capacitance, transistor temperature and con¬ 
ductance to help you do the |ob—fast Temperature probe 
test leads and battory included 

• Basic DC accuracy plus minus 0 25% 

• DC voltage 200mv 1000V 5 ranges 

• AC voltage 200mv 750V 5 ranges 

• Resistance 200 ohms 20Mohms 6 ranges 

• Capacitance 2000pl 20 pt. 3 ranges 

• Transistor Tester 0 2000 F 

• Conductance 200ns 

• Fully overload protected 

• Input impedance lOMohm 


MODEL 2000 
$389.95 

20 MHz DUAL TRACE 


Z AXIS INTENSITY MODULATION 


AST IONS RISE TIME 


OSCILLOSCOPE 

Model 2000 makes frequency 
calculation and phase measummont 
quick and easy The compononf tester 
aids m fast troubleshooting Service 
technicians appreciate the TV Sync 
circuits for viewing TV V and TV H 
jnd accurate synchronization of 
Ihe video signal. Blanking. VITS. and 
V H sync pulses 

• C Kcopttorvally bright 5'CRT 

• Built »n component tester 

• TV Sync filter 

• X V operation * 1 10 220 volts 


R 


R 


R 




35 MHZ 
OSCILLOSCOPE 


t —\ 


A remarkable value 


UCLHICU HNU 

SINGLE SWEEP MODES 


Wide bandwidth and exceptional I mV DfV sensitivity make the 
Model 3500 a powerful diagnostic tool for engineers or technicians 
al a remarkable price Delayed triggering allows any portion of 
a waveform to be isolated and expanded for closer mspot lion 
Variable MokJoff allows stable viewing of complex waveforms 


EXCEPTIONALLY BRIGHT 5 CRT 


X-Y OPERATION 
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re-discovering ham 
radio 

Dear HR: 

I found the "Reflections" editorial in 
the June 1988 issue to be very interest¬ 
ing. I am one of the very new 
Amateurs you mention, and have 
come back after retirement, having let 
my General ticket expire in the 60s. 

I would point out that the "well- 
established" factor is probably a very 
important one, because the basic cost 
of ham gear is quite high, compared 
to (say) photography. Also, as to why 
guys drop-out, I can tell you that it was 
the same very high cost of SSB gear 
that discouraged me from hanging-on 
when I was younger and had lots of 
very important growing-family 
expenses. 

My surprise in finding that SSB gear 
was so good, and reasonably priced in 
CB units is one of the main things that 
got my interest up again! And, sure 
enough, I found one rig that did a very 
neat job, at quite reasonable cost! I'll 
hand that along to my daughter, hope¬ 
fully, now that I've upgraded my 
equipment. 

I really had no idea just how very 
good the gear can be today; or how 
very astute the average hams on-air 
are! I tend to do a lot of listening, and 
find that there are so very many guys 
who are actively involved in evaluating 
and improving their antennas, feed¬ 
lines, tuners, etc. I have also read a lot 
of the detracting comments by the 
QRP people and have an old friend 
who is a CW freak. 

It really seems to me to be a pretty 
healthy mix, except for the few bad- 
actors. Your comments on putting the 
situation in the hands of professionals 
seems reasonable. I suggest that really 
believable illustrations showing rig 


setups and compact beam antennas 
would help get people to pick up more 
of the magazines, and commence the 
day-dreams that lead the way! 

Yours was the very first ham maga¬ 
zine that I started buying, again...then 
subscribed to, for I didn't want to miss 
any. I give you the highest marks on 
all accounts. 

As a matter of general interest. I'd 
like very much to see a no-holds- 
barred comparison review of the hf lin¬ 
ear amps available, as many as possi¬ 
ble! I’ve heard lots of comments on 
amps, and rigs in general on-the-air, 
and have been very glad that I paid 
attention! 

Ralph Marler, KC1JG, 
Portsmouth, New Hampshire 

03801 

legal usefulness of 
amateur radio 

Dear HR: 

I disagree strongly with Joe 
Schroeder, W9JUV, in his "Reflec¬ 
tions" in the June issue. Amateur 
Radio as we know it really does need 
an overhaul or it simply won't sell, 
market survey or no. 

The problem is not Novice enhance¬ 
ment nor the current licensing struc¬ 
ture. It lies in our extremely narrow 
definition of "Amateur". As it stands, 
in spite of the marvelous technical 
capability we have, Amateur Radio is 
useless as a service to the average per¬ 
son on the streets. Case in point: June 
1988, QST, page 78 states that order¬ 
ing a pizza via local autopatch is ille¬ 
gal because it is a "business commun¬ 
ication". If I can't do something as 
trivial as that via Amateur Radio, what 
good is it? 

People buy things because they are 
useful. Up to a point you can sell peo¬ 
ple on something that doesn't meet a 
real need, but not very long and not 
very many. If we were to broaden the 
definition of "Amateur" to permit the 
kind of communications that most 
people want on domestic frequencies 
(VHF and up, no international commu¬ 
nications) we would find a lot of 


response out there. If I could order a 
pizza, talk to my wife about who has 
called in while I was out on a sales call, 
talk about my business (short of adver¬ 
tising on the air), it would be useful, 
and I could recommend it to my 
friends and encourage them to get 
involved. Now I suggest buying a cel¬ 
lular phone. 

I have long been involved in Ama¬ 
teur Radio because I enjoy the techni¬ 
cal aspects of it. But after the thrill of 
talking beyond the sound of my voice 
wears off, I look for usefulness. Per¬ 
haps I am spoiled. I returned recently 
from several years on a large island in 
the Pacific. Four hf frequencies tied 
over two hundred families together 
across several hundred miles of 
impassable jungle. We arranged trans¬ 
portation, ordered groceries, flight fol¬ 
lowed aircraft, managed people, all 
under difficult conditions. I know what 
radio is like when it is useful. 

I am convinced that unless Amateur 
Radio in the United States is opened 
up to more legal usefulness, it simply 
will not be there when the emergen¬ 
cies arise, and our frequencies will be 
taken away. 

Bill McLagan, WA7AQN, 
Corvallis, Oregon 97330 

market survey of 
Amateurs good idea 

Dear HR: 

I strongly support portions of Joe 
Schroeder's June 1988 Reflections! I 
am especially in agreement with his 
comments about marketing and mar¬ 
keting analysis. 

New, Amateurs, younger ones in 
particular, must have a difficult time 
understanding how to operate today's 
overly sophisticated transceivers dur¬ 
ing early entry into operating. Perhaps 
a worse consideration for a beginner 
is the price tag associated with even 
the lowest priced modern rigs. We 
have entered into an era of $6,000 + 
transceivers, and the bottom of the 
scale is on the order of $1,000. It is not 
difficult to visualize the shock coeffi- 

(continued on page 94) 
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Fast, reliable 
modem cuts 
connect time 


a 4800 baud modem for 

VHF/UHF packet radio 



Do you sometimes feel guilty of hogging your local 
packet network when you have a large file or message 
to transfer? Here's a modem that can cut down on 
your connect time. 

A wide variety of radios now work with this modem. 
Reliability is high enough that our local digipeater 
(VE3PKT) has been switched exclusively to 4800 baud 
and has been running trouble free for many months. 
We will show how you can add a 4800 baud modem 
to the HAPN-1 packet radio adapter. It fits nicely into 
the card's "prototype area" for experimenters.* 

A software switch provided with the HAPN-1 
adapter lets you change from the standard (built-in) 
1200 baud modem to this one. The interface between 
the packet'card and radio is arranged to accommo 
date both modems; all it takes to switch from one 
speed to the other is a keyboard selection. 

Although the bandwidth used in VHF and UHF 
voice operation could support data rates higher than 
4800 baud, HAPN chose 4800 baud for the following 
reasons: 

• Most existing VHF or UHF radios can be used. 

• No major changes to your radio or TNC (terminal 
node controller) should be required. 

• Alignment and setup should be easy. 

• It uses no exotic or difficult to obtain parts. 

•The HAPN-1 adapter »s a terminal node controller on a board that plugs 
Into a slot on on IBM PC or compatible microcomputer ’ HAPN is also design 
ing a version to work with the TAPR TNC 2 compatible unit. It will reside 
on a "daughter board" that plugs into J4. a connector provided by TAPR 
for an external modem, and work oH a single ♦ 12 volt supply. The board 
will contain a multiplexer making it possible to switch between 1200 and 4800 
baud easily This board is currently in the prototyping stage. 


• It uses the same bandwidth as normal 2-meter voice 
operation. 

• 4800 baud provides nearly four times the effective 
data rate of 1200 baud. 

The modem contains an on-board squelch circuit 
that activates in approximately 10 milliseconds, typi- 
. cally 10 to 30 times faster than the squelch in most 
radios. As a result, clear-to-send delays (Tx-delay) and 
turnaround times are shorter, reducing "wasted chan 
nel" time. 

principles of operation 

Most packet radio TNCs include a modem; other 
telecommunication groups treat the modem as a sep¬ 
arate entity. Its purpose is to transform the serial, dig¬ 
ital data into a form compatible with the transmitting 
medium — in our case, a VHF 2-meter radio. It also 
must take a noisy, undulating voltage from the radio 
receiver and change it into a digital data stream accept¬ 
able to the TNC. Our current packet radio system 
requires the TNC to know when the radio channel is 
in use; this is the modem's job too. 

transmitting duobinary codes 

The digital data coming into the modem is a stream 
of ones and zeroes that modulate the transmitter's rf 

By Glen Leinweber, VE3DNL; Max Pizzolato, 
VE3DNM; John Vanden Berg, VE3DVV; and Jack 
Botner, VE3LNY; Hamilton and Area Packet Net¬ 
work, Box 4466, Station D, Hamilton, Ontario, 
Canada L8V4S7. 
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carrier. This modem uses a duobinary coding system 
where a 0 to 1 transition momentarily shifts the car¬ 
rier up in frequency, then back to center. The carrier 
is shifted down in frequency and then back to center 
by a 1 to 0 transition. If two or more consecutive ones 
come along, the carrier shift occurs only for the first 
1, returning back to center for the rest. Similarly, a 
string of two or more zeroes shifts the carrier down 
in frequency only for the first 0, returning to center 
for the rest. Because the frequency of the carrier is 
changed in frequency only for the first 0, returning 
does not require a data randomizer to avoid data- 
sensitivity errors caused by the carrier drifting from the 
center of the channel. 

All these transitions are smoothed out by a four-pole 


low-pass filter before they reach the radio's modula¬ 
tor. The filter prevents spurious sidebands from inter¬ 
fering with adjacent channels (see fig. 1). The shape 
of the waveform going into the rig's modulator must 
be carefully controlled. Most rigs amplify the micro¬ 
phone signal with rather nonlinear amplifiers that can 
severely distort these waveshapes. You can get the 
best results when the signal is tapped into the fre¬ 
quency modulator directly, bypassing the rig's audio 
stages. 

What happens with a rig using a phase modulator? 
A phase modulator can be accommodated by modify¬ 
ing the shape of the waveform input. A jumper, J8, 
in the modem chooses one of two waveshapes to be 
filtered for either frequency (FM) or phase (PM) type 
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modulators. This modulation scheme works well with 
frequency synthesized radios. Tap points in both 
receiver and transmitter that work for this modem also 
seem to work for 1200 baud modems. 

receiving duobinary codes 

After getting into the receiver, the frequency- 
modulated signals pass into the radio's FM detector. 
Every detector type (ratio detector, quadrature, etc.) 
yields the same shape waveform. It will be the same 
shape whether it is generated from a PM or FM modu¬ 
lator (fig. 2). The voltage waveform output is propor¬ 
tional to the frequency excursions of the transmitting 
signal — positive pulses returning to zero and nega¬ 
tive pulses returning to zero. The receiving part of the 
modem must discriminate between positive-going 
pulses, no pulses, and negative-going pulses. 

After amplification by U14c, the signals are filtered 
by a four-pole low-pass filter which reduces high- 
frequency noise (U14d and U14a). Comparators (or 
slicers) U16d and U16a detect positive and negative 
going pulses, respectively. U16b and U16c together 
output a short digital pulse at the center of either posi¬ 
tive or negative pulses. These digital signals are com¬ 
bined in U17, which reconstructs the original data. 

As with the transmitter, the signal coming out of 
the receiver's detector must have the correct 
waveshape. The audio de-emphasis circuit (usually 
placed immediately after the detector) will distort the 
pulse shapes enough to cause unreliable operation. 
This means that tapping the receive signal from the 
volume control or speaker won't work. 

carrier detect 

Our packet radio protocol states that if a channel 
is busy, one shouldn't begin a transmission. Squelch 
circuits found in every FM radio duplicate this func¬ 
tion. The carrier-detect circuit in this modem works 
much like the squelch, but rather than muting the 
audio it generates a logic signal for the TNC. 

This is a noise-operated circuit. U15b detects high- 
frequency audio noise (approximately 11 kHz) where 
neither audio nor modem pulse energy is present. With 
no carrier present, there's lots of high-frequency noise 
to raise the voltage at R74. Smoothing this pulsating 
waveform is U14b, a low-pass filter. It drives a Schmidt 
trigger (U3 in the HAPN-1 adapter) logic gate that 
makes a quick, clean, carrier/no carrier decision. 

At these higher bit rates, the switching time from 
transmit to receive and back becomes more important. 
In some radios much of this time is wasted by slow 
squelch action. This one reacts in 10 to 15 millise¬ 
conds. 

modem switch 

A four-pole, two-position electronic switch, U18, is 



Parts list 


Resistors 

1/4 watt, 5 percent 

R60.R61 

= 15 

R40 

= 700 

R71 

= 560 

R58 

= Ik 

R78.R79 

= 1.8k 

fl66.R67.R68 

= 2.2 k 

R30.R63.R64.R65 

= 3.3k 

R73 

= 4.7k 

R59.R62 

= 10k 

R39.R53 

= 75k 

R34,R49 

= 39k 

R32,R33,R35,R36,R37,R48 

= 47k 

R46,R47 ,R50,R51 

= 56k 

R38,R43,R45,R52,R54,R57,R7S 

= 700k 

R55.R56 

= 220k 

R77 

= 270k 

R72 

= 330k 

R76 

= 1 I/I 

Potentiometers = 33861V Type 3/8 square single-turn adjustment 

R31 = 5k 

R44 - 10k 

R74 s 50k 


Capacitor voltage rating: at least 16 volts, 10 percent tolerance or better and 

to have spacing of 0.2". 


C31. C32. C33, C34. C38, C39. C40, 
C47.C50 

= 7000 pF 

C30.C44 

= 4700 pF 

C37.C42.C43.C49 

= 0.047 nF 

C35 

= 0.1 nF ceramic bypass 

C48 

* 0.75 nF 

C36 

= 4.7 nF tantalum 

Diode = Switching /signal-silicon 

CR7.CR8.CR9 = 1N914 or 1N4148 

Jumpers 

J8 = three post jumper 

J9 - two post jumper 


Sockets = 5 x 14 pin 

Sockets = 1 x 16 pin 


Integrated circuits 

U14 = TL084 

U15 - TL084 

U16 = LM339 

U17 = 74LS00 

U18 = 14551 

U19 = 74HC00 
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H TUNERS 


The world’s most popular 3 KW roller inductor tuner with cross- 
the widest range matching network available for coax, balanced 
wires plus you get antenna switch, dummy load and balun - all 


needle meter gives you 
lines and random 
at a super price . . . 


The MFJ-9B9B Is i comped 3 KW 
PEP rotter Inductor tuner with lighted 
Cross Needle SWR/Wattmeter that 
handles the highest power ol any 
MFJ tuner! Its roller inductor allows 
you to get your SWR down to the 
absolute minimum. And you get other 
outstanding features like an antenna 
switch, dummy load, balun and more 
- all at an outstanding price. 

At only 10%x4Wx15, the MFJ 
989B matches the new, smaller rigs. 

Why cen you get your SWR down 
to minimum every time? Because the 
MFJ 989B has a roller inductor with 
3-digit turns counter plus a spinner 


MTJ VERSA TUNER V 

iiRMtrta 
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MFJ-989B 


•OUC'CJ 

9 


349 


knob for precise inductance control. 
And because it has the widest range 
matching network available for coax, 
balanced lines and random wires. 
And it covers 1.8 to 30 MHz 
continuously 

The MFJ 9B9B's 2-color, lighted 
Cross-Needle Meter not only gives 
you SWR automatically with no 
controls to set but also forward and 
reflected power at a glance! 

Plus ... 6 position antenna 
switch, 50 ohm dummy load. 4:1 
balun tor balanced lines, ceramic 
feed through, and flip stand for easy 
viewing Meter light requires 12 V. 


MFJ’s Best VERSA TUNER I | MFJ’s Fastest Selling TUNER I MFJ’s 1.5 KW VERSA TUNER 



art cm.ua *txu nma a 


•*_r V- 4' 


MFJ’s sit-in-one Deluxe Verse Tuner 

MFJ-949C H gives you a clutter free shack and 
$a 4Qfi5 all the features you could ever want 

1 at a super price. Here's what you 

get: coax/balanced line/random wire 300 watt tuner 
for 1.8-30 MHz. Cross Needle SWR/Wattmeter. 50 
ohm dummy load, 4:1 balun and 6 position antenna 
switch . all in a compact 10x3x7 inch cabinet 
that matches the smaller new rigs. 

You can tune out SWR on dipoles, vees. long 
wires, verticals, whips, beams and quads 

A lighted Cross-Needle meter-gives you SWR, 
forward and reflected power all at a glance A 
6 position antenna switch lets you select 2 coax 
lines, direct or through tuner, random wire/balanced 
line and dummy load 1000 volt capacitors, efficient 
airwound inductor, heavy duty switches. 

MFJ’s smallest VERSA TUNER 

MFJ-901B 

*59 9S 

The MFJ- 
901B is our 
smallest - 5x2x6 
Inches - (and most affordable) 200 watt PEP 
Versa tuner when both your space and your 
budget is limited Matches dipoles, vees, random 
wires, verticals, mobile whips, beams, balanced 
and coax lines continuously 1.8-30 MHz. 

Excellent for matching solid state rigs to Hnears. 
Efficient airwound inductor 4:1 balun. 

144/220 MHz VH F TUNER S 

MFJ 920 

*49 95 | Q Q l 

MFJ-921 , 

S 69 »5 ^ 0 Q 

MFJ's newest VHF I m V 

tuners cover both 2 Meters and the new Novice 
220 MHz bands. They handle 300 watts PEP and 
match a wide range of impedances tor coax fed 
antennas MFJ 921 has SWR/Wattmeter 
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The MFJ-941D is MFJ's best selling 
MFJ-941D 300 W PEP antenna tuned Why? 
*99 95 Because it has more features than 
tuners costing much more and it 
matches everything continuously from 1.8-30 MHz. 

It matches dipoles, vees. verticals, mobile whips, 
random wires, balanced and coax lines 
SWR/Wattmeter reads forward/ieflected power in 
30 and 300 watt ranges. Antenna switch selects 2 
coax lines, direct or through tuner, random wire/ 
jalanced line or tuner bypass Efficient airwound 
inductor gives lower losses and more watts out. 

Has 4:1 balun. 1000 V capacitors. 11x3x7 inches. 

MFJ’s Mobile TUNER 



I MFJ 945C 

S 79 9S 


The MFJ 962B lets you use your 

MFJ-962B barefoot rig now and have the 
$ 229 9S cl P* c| !y to add up to a 1500 watts 
PEP linear amplifier later. Its small 
size - 1 0 3 /«x4'/jx1 5 inches matches the new 
compact rigs 

A lighted Cross-Needle SWR/Wattmeter makes 
tuning a snap and gives you SWR. forward and 
reflected power all at a glance. 

6-positlon antenna switch handles 2 coax lines, 
direct or through tuner, wire and balanced lines 4:1 
balun. efficient airwound inductor with heavy duty 
ceramic switch. 6 KV capacitors. Flip stand tilts 
tuner for easy viewing. 

MFJ’s Random Wire TUNER 

MFJ-16010 


Don't leave home without this mobile tuner! Have 
an uninterrupted trip as the MFJ 945C extends your 
antenna bandwidth and eliminates the need to stop, 
go outside and read|ust your mobile whip. 

You can operate anywhere In a band and gel low 
SWR. You'll get maximum power out of your solid 
state or tube rig and It'll run cooler and las! longer 

Small 8x2x6 inches uses little room SWR/ 
Watlmeter and convenient placement of controls 
make tuning fast and easy while In motion. 300 
watts PEP output, efficient airwound inductor, 1000 
volt capacitors Mobile mount, MFJ-20, $3.00 

2 KW COAX MFJ 1702 J1 
SWITCHES s 19®\ 

MFJ-1702, S19.95. 2 positions. A> 


You can operate I 

all bands anywhere fj TW I 

with any uansceiver 

when you let the 

MFJ-16010 turn any ■" 

random wire into a transmitting antenna. Great lor 

apartment, motel, camping operation Tunes 1.8 30 

MHz Handles 200 watts Ultra compact 2x3x4 in. 

MFJ Artificial RF ground 

*79 96 MFJ-931 


60 dB isolation at 450 MHz. 

Less than ,2 dB loss. $OQ95 
SWR below 1:1.2. ^ 

MFJ 1701. S29.95. 

6-positions. Unused 
positions grounded 
For desk or wall mount 


MFJ 1701 


ORDER ANY PRODUCT FROM MFJ AND TRY IT - NO 
OBLIGATION. IF NOT SATISFIED RETURN WITHIN 30 
DAYS FOR A NO-HASSLE REFUND (less shipping). 

• One year unconditional guarantee • Add $5.00 
each shipping/handling • Call or write for free catalog, 
over 100 products. 


MFJ ENTERPRISES, INC. 

Box 494, Miss State. MS 39762 


You can 
create an 
artificial RF 
ground and 

eliminate 
RF "bites", 

feedback, TVI and RFI when you let the MFJ 931 
resonate a random length of wire and turn it into a 
tuned counterpoise. The MFJ 931 also lets you 
electrically place a far away RF ground dlrectty at 
your rig no matter how far away it is - by tuning 
_ out the reactance of your ground connection wire 

FOR YOUR NEAREST DEALER OR TO ORDER 

800-647-1800 

Call 601-323-5869 in Miss, and outside 
continental USA. Telex 53 4590 MFJ STKV VISA" 

In Canada Call TEXPR0 416 332 5944. |MH—*»l 


MFJ . .. making quality affordable 
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STORE BUYING POWER 


All Major Brands in Stock Now 


CALL TOLL FREE (800) 854-6046 


f—y 

Imq\»«»Co'OJ 


Toll Iree including Hawaii Phone Hrs: 7 00 am lo 5:30 p m Pacilic Time California. Arizona and Georgia cusiomers call or visit nearest store 
California. Arizona and Georgia residents please add sales tax. Prices, specifications, descriptions subject to change without notice 


UTLIT 


LARGEST HAM OUTLET IN THE WORLD 


^Advanced 
f^r/\ Electronic 
Applications 

PK-232 Multi-mode 
Data Controller 


niuaikjun 

GLOBAL 

TIME 

INDICATOR 


MA-40 

40 TUBULAR TOWER 

-free* SALE! $629 


• Detailed illuminated map shows lime time 
/one sun position and day ol the week at a 
glance for any place in the world 

• Continuously moving areas of day and night 
change as you watch 

• Mounts easily on a wall Size 34V'x22*V 

$1295 DELIVERED IN U S. 


MA-550* 

55 TUBULAR TOWER 

-fr««>SALE! $999 

• Handies 10 sq ft at 50 mph 
• Pleases neighbors with 
tubular streamlined look 


Gordon West's 


21 DRV NOVICE 


• NEW IBM Fax Screen 
Display Program Available 

• Transmit/Receive on Six Modes 

• CJW/RTT Y/ASCI1/ 
AMTOR/Packel/FAX 

• IBM.and Commodore, 
terminal programs available 

• Radio Ports for HF and VHF 

In Stock for Quick Delivery 

Free Shipment 


55 FREESTANDING 
CRANK UP 

• Handles 18 sq fl al 50 mph 

• No guying required 

• Extra-strength Construction 

• Can add raising and molor 

drive accessories * 


TOWERS RATED TO EIA SPECIFICATIONS 
OTHER MODELS AT GREAT PRICES 
IN STOCK f-OR QUICK DELIVERY 


COD€ TAWS • 112 PRG< BOOK • BANDS CHI1RT 
HU KC FORMS • SAMPK TCSTS • PIUS MORCI 

• $70 in equipment certificates from 
ICOM. KENUJOOD, & Vft€SU. 

• Horn radio equipment Wish Books 

• Rflfll membership forms 

• Hotline for student questions. 

• Course completion certificate. j 


KENWOOD 


Jft DX THAT 

fl “C STANDS OUT 

FROM THE CROWD 

10,15, 20 
\ Meters 

Whether busting pileups, 
rag chewing or hunting 
rare DX, the A3 stands 
out from the crowd with 
the perfect combination 
of easy assembly, the 
right size, rugged durabil¬ 
ity and great 
performance 
REG. • Boom Length 14 ft.. 

"11Q Q*> Weight 27 lbs 

• Wind Surface Area 


TM-721A DUAL BANDER 

2 MTR/ 70cm 
45 w 35 w 

EXTENDED RECEIVING 
RANGE (2 m) 


Mast 

not 

included 


TM-621A DUAL BANDER 

2 MTR 220 MH2 

45 w 25 w 

AUTOMATIC OFFSET 


Contemporary design, 
quality and a 5 year warranty 
on parts and labor 
6 months on the RF Final transistors 

All amplifiers have GaAsFET receive 
pre-amps and high SWR shutdown protection 


CALL FOR LOW. LOW PRICE 
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7 STORE BUYING POWER 


FROM STORE NEAREST YOU 


All Major Brands in Stock Now 


CALL TOLL FREE (800) 854-6046 


r ■* i 

I Mo 'f'CO'fl 1 


Toll Iree including Hawaii Phone Hrs 7 00 am lo 5 30 p in Pacific Time California Arizona and Georgia customers call or visil nearesi store 
California. Arizona and Georgia residents please add sales lax Prices specifications descriptions subject lo change without notice 


UTLET 


LARGEST HAM OUTLET IN THE WORLD 


ICOM IC-781 


YOU CAN OPERATE SIX BANDS 
WITH ONE CONTROLLER! 

2 MTR 25/45W. 440 MHz 10 MTR. 6 MTR 
220 MHz & 12 GHz 10 MEMORIES 

ARE YOU READY FOR 
1.2 GHz OPERATION? 


THE ULTIMATE 
150 W, ALL BAND 
HF TRANSCEIVER 


HF SUPERIOR GRADE 
TRANSCEIVER 

SALE! CALL FOR PRICE 


GREAT PRICE! 


■ M IV1UUINS COW 

IL, Cj M H Models 100 W 

IC-275A/275H, 138-174 MHz 
IC-375A, 220 MHz 
IC-475A/475H, 430-450 MHz 


HAND-HELD 
I COM VHF/UHF 


IC-02AT IC-2AT 2MTR 
IC-03AT IC-3AT 220 MHz 
IC-04AT IC-4AT 440 MHz 


ICOM IC-R7000 


ICOM IC-735 


ICOM 

IC-u4AT/u2AT 

440 MHz, 2MTR j 

Mini 
Hand-Held 
AT Model 
w/ TT Pad 
G R EAT 
PRICE! 


100 W, 100 KHz-30 MHz 
Dual VFO Receiver 

CALL FOR LOW. LOW PRICE 


25 MHz-1300 MHz 
SCANNING RECEIVER 

GREAT PRICE! 


VAN NUYS, CA 91411 

6265 Sepulveda Blvd ' 
(8181988 2212 
Al Mgr K6YRA 
San Diego Fwy 
al Victory Blvd 

STORE HOURS 
10 AM-5:30 PM 
CLOSED SUNDAYS 


ANAHEIM, CA 92801 BURLINGAME. CA 94010 PHOENIX. AZ 85015 

2620 W La Palm,i 999 Howard Ave ’70? W Camelback Rd 

(7141 761-3033 ( 213) 860-2040 (415) 342 5757 ( 6021 242 3515 

Between Disneyland & George Mgr WB6DSV Bob Mgr K7RDH 

Knolls Berry Farm 5 miles south on 101 Irom SFO Fast of Hwy 17 

ATLANTA. GA 30340 OAKLAND. CA 94606 SAN DIEGO, CA 92123 

6071 Buford Hwy 2210 Livingston Si 5375 Kearny Villa Rd 

(4041 263-0700 (4151 534 5757 ( 6191 560 4900 

Larry Mgr WD4AGW Al Mqr WA6SYK tom Mgr KM6K 

Doravillc 1 mi north oil 285 17N 5th Ave/17S 16th Ave Hwy 163 & Claremont Mesa Blvd 


Bob Ferraro W6RJ 

President 

Jim Rafferty N6RJ 

VP So calif Div 
Anaheim Mgr 
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ElMAC’s 

new DX champion! 
The 3CX800A7. 


Cards and plaque courtesy W6TC 


Varian EIM AC continues to com¬ 
mit its development of reliable 
tubes for HAM radio. 

The new, rugged 3CX800A7 
power triode provides 2 kW PEP 
input for voice service or 1 kW 
cw rating up to 30 MHz. Two 
tubes will meet the new, higher 
power ratings authorized by the 
FCC. 

Designed for today’s low profile, 
compact linear amplifiers, the 
3CX800A7 powerhouse is only 


2'/i inches (6.35 cm) high. Cool¬ 
ing requirements are modest 
and a matching socket, air 
chimney and anode clamp are 
available. 

A data sheet and more informa¬ 
tion is available from Varian 
EIMAC. Or the nearest Electron 
Device Group sales office. Call 
or write today. 

Varian EIMAC 
301 Industrial Way 
San Carlos, California 94270 
Telephone: 415*592-1221 
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fig. 3. Parts layout diagram from the top of the proto¬ 
type area. 
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photo A. Close-up of the 4800 baud modem on the HAPN-1 
prototype area. 

included to allow software switching from one modem 
to the other. A logic signal from an unused output line 
of the 8273 (U6, pin 36) controls the switch. 

Since each modem operates at a different bit rate, 
one of the poles switches the 8273's 32X clock (pin 
25) input from the standard 1200 baud position to the 
4800 baud position. Another switch position selects 
the digital data output from one modem or the other. 
The serial data comes from the switch's pole into the 
8273 data input (U4, pin 13). 

Because this is a MOSFET switch, it can deal with 
analog and digital signals. The transmit signal going 
to the rig's modulator can be routed from one modem 
or the other by the third switch. Turning the 8273 con¬ 
trol port (port B) bits on and off puts the switch under 
software control. The node customization program 
supplied with the HAPN-1 adapter provides a modem 
select menu; choose the modem/baud rate by press¬ 
ing one of the function keys. The modem/baud rate 
remains in effect until the customization procedure is 
used to change the selection again. 

construction 

The prototype area at the end of the HAPN card 
is the perfect place to build this modem. (See photo 
A.) Power supply lines ( + 12 volts, -12 volts, +5 
volts, - 5 volts) are available, as are all the TNC inter¬ 
face points. Interfacing is shown for the HAPN-1 card; 
later versions of the card have traces to the interface 
points brought out to the prototype area, making 
modem construction a little easier. 

You must use small components. The parts layout 



photo B. Bottom of the HAPN-1 adapter showing the wiring 
added for the 4800 baud modem. 

in fig. 3 assumes ail capacitors have a lead spacing 
of 0.2 inch. Resistors of 1 /4 watt have their leads bent 
to 0.4 inch. 

Insert the components according to the layout dia¬ 
gram, and solder them to the board. Then cut the 
leads off and make the interconnections. A small sol¬ 
dering iron and fine wire (like wire-wrap wire) are a 
must. Take care with the interconnections; the parts 
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Table 1. Modem pin designations on HAPN series boards 


Signal name 

HAPN-1 

HAPN-1.1 

HAPN-1.2 

Rx 4800 audio 

DB-9 pin 7 

square pad 01 

square pad 01 

Tx 4800 audio 

DB-9 pin 8 

square pad 02 

square pad 02 

-12 volts 

C22/R20 

square pad 03 

square pad 03 

32xCLK 

U6 pin 25 

square pad 04 

square pad 04 

1200 baud 

U8 pin 4 

square pad 05 

square pad 05 

4800 baud 

U8 pin 3 

square pad 06 

square pad 06 

Not TxD 

U6 pin 29 

square pad 07 

square pad 07 

+ RTS 

U9 pin 12 

U9 pin 12 

square pad 08 

+12 volts 

U11 pin 4 

square pad 08 

square pad 09 

+ 5 volts 

5volt rail 

square pad 09 

square pad 10 

Tx 1200 audio 

DB-9 pin 4 

square pad 10 

square pad 11 

1200 RD 

U7 pin 7 

square pad 11 

square pad 12 

RD 

U4 pin 13 

square pad 12 

square pad 13 

Not PB1 

U6 pin 36 

square pad 13 

square pad 14 

CD 

U3 pin 9 

square pad 14 

square pad 15 

-5 volts 

edge connector B5 

square pad 15 

square pad 16 


Note: Edge connector pin B5 is the fifth pin from the bracket going to the fifth hole on the top row. 


are placed very close together and finding a wiring mis¬ 
take after the modem has been assembled is no fun. 
(See photo B.) 

Cut the following two printed circuit traces so the 
multiplexer chip (U18) can switch from one modem 
to the other under program control: 

1. Cut the default 1200 BPS trace at "SW" (next to 
PI). 

2. Cut the trace going to U4 pin 13. This will be at 
different locations, depending on the board revision 
you have: 

• HAPN-1 — fat trace on the component side, going 
to U4 pin 13. 

• HAPN-1.1 — short trace between square pad no. 

11 and square pad no. 12. 

• HAPN-1.2 — short trace between square pad no. 

12 and square pad no. 13. 

Table 1 shows how the new modem interfaces with 
different revision boards. The later boards have been 
enhanced with pads at the prototype area making it 
easier to add the modem. Square pads are immedi¬ 
ately adjacent to the prototype area, in a vertical row. 
They are consecutively numbered from the top of the 
board to the bottom. 

voltage hookup 

Look up the signal name in table 1 and locate the 
appropriate interface point for your board. 

GND from any wide ground trace at the side of 
the prototype area to U17 pin 7, U18 pin 
8, and U19 pin 7. Also complete ground 
side connections to all components need¬ 
ing ground (see schematic, fig. 1). 

+12 volts to U16 pin 3, U14 pin 4, and U15 pin 4. 

Also connect +12 volts to R59. 

-12 volts to U16 pin 12, U14 pin 11, and U15 pin 
11. Also connect -12 volts to R62. 


+ 5 volts to U17 pin 14, U18 pin 16, and U19 pin 
14. Also connect +5 volts to R66, R67, 
R68, and R79. 

- 5 volts to U18 pin 7. 

Finally, make up a cable for the radio with the follow¬ 
ing: 

• "Rx audio" to DB9 pin 7 

• "Tx audio" to DB9 pin 8 

• "PTT" to DB9 pin 1 

• "GND" to DB9 pin 3 

modem/radio interface 

One project goal was to maintain the functionality 
of the existing modem while allowing easy switching 
between the two. It was also desirable to keep the 
interface between the modem and the radio as sim¬ 
ple as possible. 

A quick survey of local hams shows that most would 
have to change the tap points into their radio for the 
new modem. Choose the wrong tap points and this 
modem will not work! At this time a wide variety of 
radios have been adapted successfully with little 
modification. 

transmitter interface 

The 4800 modem transmit signal must go directly 
to the FM or PM modulator in your transceiver. Con¬ 
nections to the microphone jack will not work. Tap¬ 
ping at this point also seems to work well with 1200 
baud modems, as long as the level is readjusted to 
match the new tap point. Because this tap point 
bypasses the limiter stages in the audio chain, take 
care not to over-deviate. Deviation should be kept to 
about 3 kHz by adjusting R31 on the modem. Use 
shielded cable to connect the modem to your radio. 

If you choose the correct tap point, your radio will 
still operate properly when used for voice work but 
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fig. 4. interface of 4800 baud modem to Kenwood TR-7930 rig. This is typical of many rigs in use today. Find the modula¬ 
tion stage in the transmitter (A), and the FM demodulator in the receiver (B). 


you will have to disconnect the modem interface cable 
to get full voice modulation. When it is used for packet 
communication, it's a good idea to unplug the micro¬ 
phone to prevent room noise pickup. 

You must determine which modulation type your 
radio uses. If you have a phase modulator, install a 
jumper between the center pin of J8 and the pin con¬ 
nected to R30. If your rig uses a frequency modula¬ 
tor, install the jumper between the center pin of J8 
and C30. 

Many radio manuals include a block diagram. This 
is a useful guide to determine what form of modula¬ 
tion your radio uses. FM is always applied to an oscil¬ 
lator circuit; either a crystal-controlled oscillator or a 
voltage-controlled oscillator (VCO). If it's FM, your 
rig's schematic will show a voltage variable capaci¬ 
tance (varactor) diode coupled closely to the frequency 
determining inductors and capacitors (or crystal) of an 
oscillator circuit. 

Phase modulation is always applied to a stage fol¬ 
lowing an oscillator, never to the oscillator itself. PM 
could be produced using either a voltage variable 
capacitance diode or a transistor stage called a "reac¬ 
tance modulator". 

The point in your radio where the Tx audio should 


be introduced must be very close to the modulator. 
Your rig's audio processing stages will probably end 
in a low-pass filter before going into the modulator. 
The tap point will be between the low-pass filter and 
the modulator itself. If possible, tap in at a high imped¬ 
ance point; the modem shouldn't have to drive an 
impedance lower than about 400 ohms. 

Figure 4A shows an example of the transmitter 
interface to a Kenwood TR-7930 transceiver. 

receiver interface 

You cannot use a connection into your rig at the 
speaker or volume control for this modem. Your rig 
must be tapped directly at the FM detector before the 
audio is de-emphasized. The de-emphasis circuit (a 
resistor/capacitor combination) is rarely identified on 
schematic or block diagrams. It nearly always follows 
the squelch pickoff point, but is often placed before 
any audio gain stages. 

Most radios use a squelch circuit called a "noise- 
operated squelch" that gets its operating signal from 
the FM detector, before de-emphasis. Tap for the 
modem at exactly the point where this squelch circuit 
joins the FM detector. The input circuit of the modem 
is ac coupled, and is high impedance (100k). It can 
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accommodate signal amplitudes from 2 mv to 200 mv 
rms. 

Some integrated-circuit detector chips include an 
audio preamp that may supply too much signal for the 
modem. You can accommodate these larger signals 
by soldering a resistor (10k to 33k) in parallel with R45. 

Use shielded wire between the receiver interface 
point and the modem. Keep the length as short as pos 
sible — avoid a run of more than 10 feet. If you must 
keep your radio at some distance from your TNC, con 
struct a buffer stage at the detector so that it is not 
loaded by the capacitance of a long run of shielded 
cable. 

The existing interface for the push-to-talk circuit 
doesn't need to be changed. Route all signals through 
the nine-pin connector at the back of the board. You 
may leave the existing 1200 baud lines on this con¬ 
nector (pins 2 and 4) intact, wiring the new transmit 
and receive lines to pins 7 and 8. Once you get the 
new modem running successfully, try switching to 
1200 baud using the new tap points in your radio. An 
adjustment of the 1200 TX level control (P3) should 
be all that's necessary. 

The HAPN card allows two sources of carrier detect 
— one derived from the demodulator chip (XR2211), 
the other from an external (squelch-derived) source. 
A jumper at J1 or J2 selects one of these sources. 
Jumper J9 selects a third option, the 4800 carrier 
detect. Because this circuit detects 1200 baud packets, 
4800 baud packets, and even voice, remove the jum¬ 
per on J1 or J2 and install it permanently at J9. 

Figure 4B shows an example of the receiver inter¬ 
face to a Kenwood TR-7930 transceiver. 

test and alignment 

Check the four power supply lines for shorts with 
an ohmmeter before plugging the modified card back 
into your computer. After installing the adapter, but 
before connecting your radio, make sure the dc vol 
tages on all the signal pins of U14 and U15 are 0 volts. 
Connect your radio and go to a clear channel. 

Measure the voltage at TP 1 and adjust potentiom¬ 
eter R44 for about 9 Vdc. This voltage gives the peak 
amplitude of the audio signal, and should drop to 
about 6 Vdc during a 4800 baud packet. If R44 adjusts 
out of range, change R45 up in value if the TP 1 volt 
age is too low, down in value if it's too high. 

Now adjust R74 as you would a squelch control. Use 
the HAPN ''T25" test program to look at the "carrier 
detect" function. You can also set R74 by looking at 
U14b pin 7. Adjust for - 5 Vdc on a clear channel. 
It should rise to approximately 0 volts when a carrier 
is present, or when the radio is disconnected from the 
modem. 

The transmit level control R31 is more difficult to 
set properly, since you probably have no way of meas- 
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uring deviation. The 4800 baud deviation should be 3 
kHz, a little less than voice deviation of 5 kHz. You 
might have another station compare the level of your 
4800 baud packets with a voice transmission, ideally 
with a scope. Start R31 off at minimum, increasing 
it slowly. Setting R31 too high may over-deviate your 
transmitter and the monitoring station will see only that 
waveform amplitude is not increasing, although you 
may be causing adjacent channel interference. 
Remember that by connecting directly to the modu¬ 
lator you have bypassed the audio limiting circuits; the 
only thing limiting deviation is R31 in the modem. 

The existing factory limiter setting in your radio 
(which should be close to 5 kHz) can also be used as 
a reference for setting the 3-kHz deviation for 4800 
baud. Hook up your scope at the selected 4800 baud 
modulating point, apply a signal into the microphone 
input (use a signal generator or whistle into the mike), 
and increase the amplitude until you can see limiting 
on the scope. Note the peak amplitude. This will be 
your 5-kHz deviation reference. Take 60 percent of this 
value and use it for adjusting the 4800 baud transmit 
level (R31). You can also use the same level when 
adjusting your 1200 baud transmit level (P3). 
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This modem is an adaptation of the design by Ken 
Smith, VE3HWB, so a great deal of credit must go 
to him. Ken's original article, "Packet Radio with the 
1802," was published in the Ipso Facto newsletter of 
the Association of Computer Experimenters (ACE), 
April 1979. Thanks also to HAPN members VE3IUV, 
VE3NAV, and VE3MCF for their efforts in building and 
testing the prototypes, and their contributions to this 
article. 

available from HAPN 

The HAPN-1 adapter revision 2 is still available from 
HAPN as-described in the August 1986 article for the 
same price. Revision 2 contains a number of extra 
traces in the prototype area to simplify the addition 
of a second modem there. 

We also have a printed circuit board for a stand¬ 
alone version of the 4800 baud modem, the HAPN- 
M, available for $25 U.S. postage paid. The modem 
is identical to the one described in this article, except 
that it has RS-232C drivers in the interface to the TNC. 
It may be used with any RS-232C compatible TNC, 
or TTL levels if the RS-232C interface circuits are 
bypassed. 

We would like to remind HAPN-1 users who build 
this modem that a software update may be required 
to fully support the modem switch. Software updates 
are $5 U.S. each, plus $5 per diskette. (If you use any 
of the programs on diskette 2, a diskette 2 update is 
required along with diskette 1.) 


Wiring diagrams of the modem and interfacing dia¬ 
grams for the Santee ST-144/uP handheld and the 
ICOM IC-27 transceivers are available from HAPN if 
you send us a self addressed envelope and an IRC. 

HAPN update 

HAPN (Hamilton and Area Packet Network) is a 
nonprofit association dedicated to furthering the state 
of packet radio. We are presently working on the 
TAPR-2 TNC version of the 4800 baud modem and 
on developing drivers for the VADCG V-3 experimen¬ 
tal protocol. We believe that widespread use of 4800 
baud will go a long way to improve the efficiency of 
packet radio local area networks, at minimal cost to 
the users. The V-3 link level driver is being tested, but 
the network level is yet to be coded. V-3 is a very 
interesting networking protocol, an outgrowth of 
VADCG's V 2 protocol. (For further information on V-3 
write VADCG, 9531 Odlin Road, Richmond, BC, V6X 
1E1, Canada.) 
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one hundred years of electric 

waves 


A tribute to 
Heinrich Hertz 

One hundred years ago, in a technical high school 
in Germany, a teacher working with hand-me-down 
apparatus made a discovery that would affect gener¬ 
ations to come. His equipment consisted of little more 
than a few electrical conductors and a Leyden jar, yet 
he stumbled upon the basic principle which became 
the foundation of modern radio, television, radar, and 
electromagnetic wave communication. 

The year was 1886; the man was Heinrich Hertz. 
Hertz's initial discovery was followed by a series of re¬ 
search studies that firmly established the existence of 
mysterious and remarkable "electric waves" — waves 
which could travel through walls and empty space. To¬ 
day we call them "radio waves," or "electromagnetic 
radiation." 

Most people think that Marconi was the man 
responsible for radio. Marconi was responsible for the 
practical application of radio, but Hertz laid the 
groundwork and did all the research work upon which 
modern radio is based. 1 

Now, 100 years after Hertz's discoveries, it may 
come as a surprise to many that his work is still the 
foundation of modern radio. We don't use spark-gap 
transmitters in our communications today, and Hertz 
never heard of a superheterodyne receiver — he didn't 
even see his electrical waves as potential media for 
communication. 2 But it is amazing to realize the ex¬ 
tent to which Hertz's work is represented in hi-tech, 
high-performance radio communications. 

the path to the goal 

Hertz's work can be traced to that of such notables 
as English scientist Michael Faraday and Scottish 


physicist James Clerk Maxwell. Of particular impor¬ 
tance are Faraday's ideas about electrical and mag¬ 
netic fields, and Maxwell's theoretical predictions of 
the existence of electromagnetic waves. In 1887, Hertz 
was working on a problem concerning the relation be¬ 
tween electromagnetic forces and the dielectric polar¬ 
ization of insulators. While working with some spiral 
coils used for demonstrations during his tenure at the 
Technical High School at Karlsruhe, he noticed that 
a discharge of a small Leyden jar through one coil 
caused a spark across a spark gap of the other. Fur¬ 
ther investigation revealed that there were very rapid 
electrical oscillations occurring within the coils. 

While still pursuing the problem of the dielectric 
polarization of insulators, Hertz was, as he says: 
"..frustrated by the invariable occurrence of strong 
sparking in the secondary conductor..." 3 Now the 
secondary conductor just happened to be a loop an¬ 
tenna with a spark gap, used as a detector of elec¬ 
tromagnetic waves. Of course Hertz had not designed 
his loop as an antenna; antennas hadn't been invent¬ 
ed yet! He designed the loop as the secondary loop 
of a transformer. At first his results puzzled him. Later 
in his discussion he says: "It only gradually became 
clear to me that the law which I had assumed as the 
basis of my experiment did not apply here..." 3 

Hertz did not realize at first that his electrical oscil¬ 
lations were producing waves which traveled through 
space. But he was a dedicated researcher and followed 
where his findings led. He wrote later: "But when I 
had established with certainty the existence of actual 
waves, I...arrived at the phenomena which are dis- 
cribed in the paper 'On Electromagnetic Waves in Air, 
and their Reflection.'" 3 Hertz realized that he had dis¬ 
covered the electromagnetic waves Maxwell had 
predicted with his mathematical equations. 

By W. Clem Small, KR6A, R 1, Box 64A, 
Weybridge, Vermont 05753 
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Hertz: a pioneer among pioneers 

You may be surprised to learn that there were others 
who predated Hertz in demonstrating electric waves 
in air.* It seems that he was unaware of their work 
and made his discoveries independently. Let's take a 
look at these men. 

Lord Kelvin, in the preface to the English edition of 
Hertz's classic Electric Waves 3 , referred to Joseph 
Henry who showed that electrical force can diffuse 
through space in a manner very much like light waves. 
In 1842, before Hertz's discovery of electric waves, 
Henry demonstrated such radiation by showing mag¬ 
netic effects in steel needles caused by lightning bolts 
miles distant from the needle. The “sparks" of Hen¬ 
ry's lightning bolts now seem to be precursors to the 
sparks of Hertz's spark-coil transmitter. 

Then, in 1871, Elihu Thomson and E. A. Houston 
reported work in which Thomson sent signals between 
a spark transmitter and a spark-gap receiver (equip¬ 
ment similar to that which Hertz would use) from the 
basement to the top floor of the school where they 
taught. In 1876, Sylvanus Thompson used equipment 
even more similar to Hertz's, to show that another 
electric wave discoverer, Thomas A. Edison, was 
wrong in claiming that he had discovered a "new" 
nonelectric force. Edison had discovered this new 
force in 1875 while investigating sparking which oc¬ 
curred during work on an electromagnet with a vibrat¬ 
ing armature — a device having much in common with 
the induction coil of Hertz's spark-gap transmitter. 
Again, the method of detection was the observation 
of a visible spark at the point of reception. Edison dis¬ 
played his electric waves only in conductors, not in 
air. Because of the strange behavior of these waves, 
he claimed that his new force was not a form of elec¬ 
tricity, but of some "etheric" force. Thompson 
showed that he was wrong, but unfortunately, didn't 
go on to show just what it was that Edison had dis¬ 
covered. Then in 1880, David Hughes performed 
studies which demonstrated the effects of Hertz's elec¬ 
tric waves. But when Hughes demonstrated his results 
to emminent scientists of his day, he was discouraged 
from pursuing the matter. The scientists claimed he 
was using the well-known principle of induction, rather 
than displaying something new. 

Thomson and Houston, Thompson, Edison, and 
Hughes all seem to have demonstrated the effects of 
what were later to become known as radio waves, but 
none of them pursued the discovery to the same ex¬ 
tent as Hertz. Much later, after wireless communica- 


*W. von Bezold, G. F. Fitzgerald, and Oliver Lodge are three other pioneers 
in the study of electric waves. None of them actually demonstrated electric 
waves in space, but did precede Hertz with work which had specific implica¬ 
tions that could have led to his findings. 


tion was a reality, Edison sold the patent on his etheric 
force to Marconi for $30,000. 

Perhaps even more startling is the work of E. A. Dol- 
bear, who in 1882 gave the first demonstration of 
transmission and reception of the human voice with 
his "electrostatic telephone." Although he did use an 
induction coil in his transmitter, Dolbear's apparatus 
differed from Hertz's significantly. Another early wire¬ 
less pioneer, a dentist named Mahlon Loomis, is of¬ 
ten considered a precursor to Hertz for his work with 
the "aerial telegraph." In 1872, using an aerial and a 
ground at each site, Loomis used his apparatus to sig¬ 
nal for 14 miles between two mountain tops. But his 
apparatus was also quite different from Hertz's, and 
Loomis's work is generally thought to have been based 
on atmospheric conduction rather than electric waves. 
Some historians believe that Dolbear's work also was 
not with electrical waves, but by induction — a popular 
means of early "wireless" communication. Others 
might deny the inclusion of Henry's or Edison's work 
in the list of Hertz precursors. Yet other historians 
would include all those I've mentioned above as legiti- 
matly predating Hertz in the discovery of wireless 
waves. 

It is obvious that a number of men were experiment¬ 
ing with an intent to develop a wireless system using 
apparatus remarkably like that which Hertz later used 
to discover electric waves. Yet none of them was able 
to convince the scientific world that he had indeed 
found a worthwhile new means of signaling without 
wires. Before the scientific world would be willing to 
accept such a claim. Maxwell had to use his mathe¬ 
matics to justify the reasons for believing in such radi¬ 
ation, and Hertz had to provide solid experimental 
verification of those predictions. Where many had 
tried, one succeeded. 

Hertz's legacy 

In the 100 years since the discovery of electromag¬ 
netic radiation, there have been tremendous gains in 
the science and technology of radio communications. 
We have advanced from the early spark coils and co¬ 
herers through crystal detectors, arc transmitters, 
radio-frequency alternators, vacuum tubes, transis¬ 
tors, and on to solid-state devices. Today's technolo¬ 
gy shows impressive strides beyond Hertz's crude 
apparatus. But how far have we really come? 

Although he didn't foresee the potential his discov¬ 
ery held as a basis for communications, Hertz pi¬ 
oneered the development of some of the most modern 
communication technology we have today. For in¬ 
stance, the parabolic dish antenna, important to micro- 
wave communications, is a direct descendent of 
Hertz's parabolic reflector antenna. The dipole antenna 
was also Hertz's discovery and basic to much of his 
early work. Today dipole antennas are a component 
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SYSTEMS 


RF POWER AMPLIFIERS 

• Lowest NF GaAs FET Preamp 

• Finest Quality Military Construction 
• Off-The-Shelf Dealer Delivery 



US 


• - Si 
— 
=r 


For the past five years, Amateurs worldwide 
have sought quality amplifier products from TE 
Systems. Renowned for the incorporation of 
high quality, low-noise GaAs FET preamplifiers 
in RF power amplifiers, TE Systems offers our 
fine line of products through select national 
distributors. 

All amplifiers are linear (all-mode), automatic 
■ T/R switching with adjustable delay and usable 
with drive levels as low as Vi Watt. We incor¬ 
porate thermal shutdown protection and have 
remote control capability. All units are de¬ 
signed to ICAS ratings and meet FCC part 97 
regulations. Approx, size is 2.8 x 5.8 x 10.5" 
and weight is 5 lbs. 

Consult your local dealer or send directly for 
further product information. 


SPECIFICATIONS 


TE 

I SYSTEMS I 


TE SYSTEMS 

PO Box 25845 
Los Angeles. CA 90025 
(213) 470-0591 


Model 

Freq. 

MHz 

— Power- 

input Output 

-Preamp- 

NF-dB Gain dB 

DC 

+Vdc 

Power 

A 

RF 

Conn. 

0508G 

50-54 

1 

170 

.6 

15 

13.6 

28 

UHF 

0510G 

50-54 

10 

170 

.6 

15 

13.6 

25 

UHF 

Z 1409G 

144-148 

2 

160 

6 

15 

13.6 

25 

UHF 

1410G 

144-146 

10 

160 

6 

15 

13.6 

25 

UHF 

1412G 

144-148 

30 

160 

0 

6 

15 

13.6 

20 

UHF 

2210G 

220225 

10 

130 

.7 

12 

13.6 

21 

UHF 

2212G 

220225 

30 

130 

.7 

12 

13.6 

16 

UHF 

4410G 

420-450 

10 

100 

1.1 

12 

13.6 

19 

N 1 

4412G 

420-450 

30 

100 

1.1 

12 

13.6 

19 

N 


Models also available without GaAs FET preamp (delete G suffix on model #) All units cover 
full amateur band - specify 10 MHz bandwidth for 420-450 MHz amplifier. 

Amplifier capabilities 100-200 MHz. 225-400 MHz. 1-2 GHz. Military (28V). Commercial, 
etc also available - consult factory. 


WORLD'S SMALLEST - 

- WEATHER STATION 


THE TW 2 MICRO WEATHER STATION INCLUDES 
I COMPUTER MODULE. THE AN-2 ANEMOMETER, 
AND 40 OF LEAD INC ABEL FOR ONLY SI SQM 


WIND SPEED 
WIND DIRECTION 
WIND ( fill I 
WIND GUST REC ORD 
TEMPERATURE 


AIJTO SC AN 
METRIC /STANDARD 
FOUR WAY POWER 
NIC AD READY 
MOUNTING OPTIONS 


III/IjOW temp record one year warranty 

• • SATISFACTION GUARANTEED • * 

MAGNAPIIASE INDUSTRIES, INC. 

1502 HKK STREET N.W. 

,s " s ^ A.iatniN. wa 9.00. *•* *'.** 

ORDERS ONLY: 800-J22-I502 

INFORMATION: 200-7754.174 FAX: 2M-775-WM4 
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COMPUTERIZE 
YOUR SHACK 

YAESU 747.757GX, 757GXII. 767, 9600 
KENWOOD TS 440, TS 940, 

ICOM R71A, R7000. 735, 751A 
DRIVERS FOR RADIOS ARE MODULAR. 

JRC NRD 525. 

COMPLETE PROGRAM ENVIRONMENT 
MENU DRIVEN AND DESIGNED FOR EASE 
OF USE 

SCAN FUNCTION ADDED TO RADIOS THAI DO 
NOT SUPPORT II 

MENUS FOR THE FOLLOWING: 

AMATEUR HF-AMATEUR VHF— 

AMATEUR UHF 

AM BROADCAST-FM BROADCAST- 
TELEVISION BROADCAST 
SHORT WAVE BROADCAST 
AVIATION HF(SSB)—AVIATION VHF— 

AVIATION UHF 

HIGH SEAS MARINE—VHF MARINE 
MISCELLANEOUS HF. VHF. UHF 
MOST POPULAR FREQUENCIES ALREADY 
STORED 

ADDITIONAL LIBRARIES AVAILABLE 
COMPLETE LOGGING FACILITY 
ALL FREQUENCY FILES MAY BE ADDED TO. 
EDITED OR DELETED 

AVAILABLE FOR IBM PC. XT. AT 80386 256K RAM 
1 SERIAL PORI AND 1 FLOPPY MINIMUM 

PROGRAM WITH INITIAL LIBRARIES 99.95 

RS—232 TO TIL INTERFACE ONLY 
NEEOED IF DON T HAVE MANUFACTURERS 
INTERFACE ALLOWS 4 RAOIOS 99.95 

SPECTRUM ANALYZER MODULE (CALL FOR PRICE) 

DATACOM, INT. 

8081 W. 21ST. LANE 
HIALEAH, FL 33016 
AREA CODE (305) 822-6028 


SPECIALIZED 

COMMUNICATIONS 

FOR TODAY S RADIO AMATEUR! 

•.gW-l 


gaol 


Since IM67, covering all modes of 
Amateur Radio “specialty” 
communications; Fast Scan TV, SSTV, 
FAX, Packet Radio. Computers, RTTY, 
AMTOR, Satellites, TVRO, Microwave, 
Lasers and more! 10 issues per year. 
Back issues available, SASE brings 
TRS80C, < '64. IBM software catalog. 
U.S. subscribers $20/year. Foreign 
slightly higher. Add $2.00 for Index 
Issue. 

SPEC-COM Communications & 
Publishing Group 
P.O. Box H bhb 

Lowden, Iowa W9 

52255-0408 5 % Added 
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of most TV receiving antennas, used extensively in 
high-frequency work or as the feed antenna in micro- 
wave dishes. The world's first loop antenna was the 
single turn of Hertz's loop with spark-gap receiver. To¬ 
day, virtually every AM broadcast-band receiver uses 
a loop antenna. Our contemporary microwave dielec¬ 
tric antenna is a spinoff of his early work on the quasi- 
optical properties of electric waves as they interact 
with dielectric materials. 

On the other hand, the original Hertzian transmit¬ 
ter, the venerable induction coil with spark gap, has 
been outlawed since 1938. But I found reference as 
recently as 1971 to engineering research on the use 
of electrical spark to generate electromagnetic 
waves. 4 * The ghost of Henrich Hertz is everywhere! 

references 

1. Hugo Gernsback, editor. Jubilee Souvenir Number. Radio Craft. Radcraft 
Publications, Inc., Chicago, Illinois. 1938, page 541 Reprinted 1987. New 
York: Vestal Press 

2. Rollo Appleyard, Pioneers of Electrical Communication. MacMillan. Lon 
don. 1930, page 139 140 

3. Heinrich Hertz, Electric Waves. 1893. English language translation by Mac 
Millan and Co., reprinted 1962. Dover Publications, lnc„ New York, pages 
5 and 11. 

4 K Landecker. L.V. Skatterbol. and D. Growdie. "Single spark Ring Trans 
miner," Proceedings of the IRE, 1971, volume 59. no 7. page 1982 1090 

•This happens to be the most recent reference to a spark transmitter I've 
come across. 

ham radio 


NOVICES: NOW YOU CAN TRANSMIT 
VIDEO WITH OUR NEW TX23-1 

Did you know that you as well as all classes of 
licensed amateurs can easily transmit live action 
color and sound video just like broadcast TV with our 
TX23-1 transmitter. Use any home TV camera and/ 
or VCR, computer, etc. by plugging the composite 
video and audio into the front 10 pin or rear phono 
jacks. Call or write now for our complete ATV catalog 
including downconverters, transceivers, linear 
amps, and antennas for the 70, 33, & 23cm bands. 


Only 

$299 


*• 4 **jr —tr 

• ft • • 

-* _ -V 

* * 


TX23-1 one watt ATV transmitter crystaled for 1289.25 
MHz runs on 12-14 Vdc @ .5A. PTL T/R switching. 
7x7x2.5". Transmitters sold only to licensed amateurs for 
legal purposes verified in the latest Callbook or with copy 
of license sent with order. 

wu 

(818) 447-4565 m-t8am-5:30pm pet. 

P.C. ELECTRONICS Tom(W6onG> 

2522 Paxson Ln Arcadia CA 91006 Marvann (WB6YSS) 



HAM STATION 


P.O. Box 6522 
220 N. Fulton Ave. 
Evansville, IN 47719-0522 

Store Hours 
MON-FRI: 9AM • 6PM 
SAT: 9AM • 3PM 
CENTRAL TIME 

SEND A SELF AODRESSED STAMPED 
ENVELOPE (SASE) FOR NEW AND USED 
EQUIPMENT SHEETS 

WARRANTY SERVICE CENTER FOR: 
ICOM, YAESU. TEN-TEC 

FOR SERVICE INFORMATION CALL 
(812)422 0252 
MONDAY • FRIDAY 
9:00 AM 12:00 NOON 


TERMS: 

PflCM Do Not Include Shipping 
Prlca and Availability Subject to 
Change Without Notice 
Mott Ordors Shipped The Same Day 
COD'S Welcome __ 

— m as s 



AEA PK-232 


Data Controller with 6 Modes 

Packet ASCII 

Morse Code AMTOft 

Baudot (RTTYJ Weather Fex 

List S319.95 Now Special Priced 


For Orders and Price Checks Call 800-523-7731 


WM.M.NYE 


MB V A 
ANTENNA 
TUNER 

• Push Button Antenna Switching 

■ 2 Power Meters. 300 and 3,000 Walls 

• Tunes 1.8 to 30 MHz 

Call Today For Special Pri ce 


Indiana and Information 
Call 1-812-422-0231 
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SPEAKING 


Joe Corr, K4IPV 



impedance matching 

One of the first things an Amateur 
learns is that the antenna impedance 
must be matched to the transmission 
line, and that the transmission line 
impedance must be matched to the 
output impedance of the transmitter. 
This is because maximum power trans¬ 
fer between a source and a load occurs 
when the system impedances are 
matched. In other words, more power 
is transmitted from the system when 
the load impedance (the antenna), the 
transmission line impedance, and the 
transmitter output impedance are all 
matched with each other. 

Of course, the trivial case is where 
all three sections of our system have 
the same impedance. For example, 
you could have an antenna with a sim¬ 
ple 75-ohm resistive feedpoint imped¬ 
ance (typical of a half-wave dipole) and 
a transmitter with an output imped¬ 
ance that will match 75 ohms. In that 
case, you need only connect a stan¬ 
dard impedance 75-ohm piece of coax 
between the transmitter and the 
antenna. Job done! 

But there are other cases where the 
job is not so simple. In the case of the 
standard antenna, for example, the 
feedpoint impedance is rarely what the 
books say it should be. That ubiqui¬ 
tous dipole, for example, is nominally 
rated at 75 ohms but even the simplest 
antenna book tells us that value is 
merely the theoretical free-space 
impedance. At locations closer to the 
earth's surface that impedance could 
vary over the approximate range of 30 
to 130 ohms and may have a substan¬ 


tial reactive component; so much for 
standard coaxial cable. 

There is a way out of this situation. 
You can construct a matching system 
that will marry the source impedance 
to the load impedance. This month we 
will examine several matching systems 
that might prove useful in a number of 
situations. 



impedance-matching 

approaches 

Antenna impedance may contain 
both reactive and resistive compo¬ 
nents. In most practical applications 
you are searching for a purely resistive 
impedance (Z = R), but that ideal is 
rarely achieved. A dipole antenna, for 
example, has a theoretical free-space 
impedance of 73 ohms at resonance. 
But as the frequency applied to the 
dipole is varied away from resonance, 
a reactive component is added. When 
the frequency is greater than reso¬ 
nance the antenna tends to look like 
an inductive reactance, so the imped¬ 
ance is Z = R + jX. Similarly, when 
the frequency is less than the reso¬ 


nance frequency the antenna looks like 
a capacitive reactance, so the imped¬ 
ance is Z = R - jX. At distances 
closer to the earth's surface the resis¬ 
tive component may not be exactly 73 
ohms, but may vary from about 30 to 
130 ohms. Clearly, whatever imped¬ 
ance coaxial cable is selected to feed 
the dipole stands a good chance of 
being wrong. 

To match a complex load imped¬ 
ance like an antenna to a resistive 
source (the most frequently encoun¬ 
tered situation in practical radio work), 
interpose a matching network between 
the load and the source (fig. 1). The 
matching network must have an 
impedance that is the complex con¬ 
jugate of the complex load impedance. 
For example, if the load impedance is 
R + jX, the matching network must 
have an impedance of R - jX; simi¬ 
larly, if the load is R - jX, the match¬ 
ing network must be R + jX. In the 
sections that follow we'll take a look 
at some of the more popular networks 
that accomplish this job. 

L-section network 

The L-section network is one of the 
most used, or at least most published, 
antenna-matching networks in exis¬ 
tence. It rivals even the pi-network. A 
circuit for the L-section network is 
shown in fig. 2A. The two resistors 
represent the source (R1) and load 
(R2) impedances. The elementary 
assumption of this network is that R1 
< R2. The design equations are: 

R1 < R2 and 1 < Q < 5 
X L = 6.28FL = Q x R1 
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HF Equipment IC-735 

List 

JUN's 

ICOM 



IC-781 New Deluxe HF Rig 

$5995 

Call $ 

1C-761 Loaded with Extras 

2699 

Call $ 

IC-735 Gen Cvg Xcvr 

1099 

Call $ 

IC-751A Gen Cvg Xcvr 

1699 

Call $ 

Receivers 



1C R7000 25-1300* MHz Rcvr 

1199 

Call $ 

IC-R71A 100 kHz 30 MHz Rcvr 

999 

Call $ 

VHF 



IC-28A/H FM Mobile 25w/45w 

469/499 

Call $ 

IC-02AT FM HT 

409 95 

Call $ 

IC-2GAT 2m 7w HT 

429 95 

Call $ 

1C 900 Six Band Mobile 

639 

Call $ 

UHF 



IC-48A FM Mobile 25w 

509 

Call $ 

IC-04AT FM HT 

449 

Call $ 

IC-4GAT 440MHz HT 

429 95 

Call S 

220 MHz 



IC-38A 2Sw FM Xcvr 

469 

Call $ 

1C 32AT 2m/70cm HT 

629 95 

Call $ 


KENWOOD 


KENWOOD 

HF Equipment 


TS-940S/AT Gen Cvg Xcvt 

2449 95 

Call S 

TS-440S/AT Gen Cvg Xcvr 

1379 95 

Call $ 

TS-140S Compact Gen Cvg 

Xcvr 

929 95 

Call $ 

VHF 

TS-711A All Mode Base 2Sw 

1029 95 

Call $ 

TR-751A All Mode Mobile 2Sw 

649 95 

Call S 

TM-221A 2m 45w 

439 95 

Call $ 

TM-2550A FM Mobile 45w 

499 95 

Call $ 

TM-2570A FM Mobile 70w 

599 95 

Call $ 

TH-215A 2m HT Has It All 

379 95 

Call $ 

TH-25AT 5w Pocket HT NEW 

349 95 

Call S 

TM-721A 2m/70cm FM Mobile 

649 95 

Call S 

UHF 

TM-421A Compact FM 35w 

449 95 

Call $ 

TH-45AT 5w Pocket HT NEW 

369 95 

Call $ 

220 MHz 

TM-3530A FM 220 MHz 2Sw 

499 95 

Call $ 

TM-321A Compact 2Sw 

Mobile 

449 95 

Call $ 

TH-315A Full Featured 2 5w HT 

399 95 

Call $ 


YAESU 

HF Equipment 

FT 767 GX Gen Cvg Xcvr 

1929 95 

Cali $ 

FT 757 GX II Gen Cvg Xcvr 

1129 95 

Call S 

FT-747 GX Now Economical 
Perlormor 

869 95 

Call $ 

FL 7000 15m 160m AMP 

1995 00 

Call $ 

VHF 

FT-212RH NEW 2m 45w 

459 95 

Call $ 

FT 7I2RH 70cm 35W 

499 95 

Call $ 

FT 290R All Mode Portable 

599 95 

Call S 

FT-23 R/TT Mini HT 

344 95 

Call $ 

FT-209RH FM Handheld 5w 

389 95 

Call $ 

VHF/UHF Full Duplex 

FT-736R, New All Mode 
2m/70cm 

1749 95 

Call $ 

Dual Bander 

FT-727R 2m/70cm HT 

439 95 

Call S 

FT109RH New HT 

399 95 

Call $ 


JUN'S 



3919 Sepulveda Blvd. 
Culver City. CA 90230 
213-390-8003 


y — 1 

f 6.28FC 

(1) 

X L = R2 - 


(2) 

X c = (R1R2)/X L 


J 


R1 

(R2-RIJ 


or Q = J(wi ~ ! ) 

also, 

Q = X l /R1 = R2/X c 

It's probable that you'll see this net¬ 
work published in conjunction with 
less than quarter-wavelength long-wire 
antennas. Those books and articles 
typically call for a "good ground" for 
the antenna to work properly. But they 
don't tell you what a "good ground" 
is or how you can obtain it. Unfor¬ 
tunately, at most locations a good 
ground means burying a lot of copper 
conductor — something that most of 
us can't afford. In addition, the person 
who is forced to use a long-wire 
instead of a better antenna often can't 
construct a good ground under any 
circumstances because of landlords 
and/or logistical problems. The very 
factors that prompt the use of a long- 
wire antenna in the first place also pro¬ 
hibit any form of practically obtainable 
good ground. But there is a way out 
— radials. A good ground can be 
simulated with a counterpoise ground 
constructed of quarter-wavelength 
radials. These radials have a length in 
feet equal to 246 /Fmh 2 , and as few as 
two of them will work wonders. I've 
used just one radial tacked to the base¬ 
board of a student boarding house 
room at college and achieved superior 
results over the poor ground that I'd 
been able to obtain previously in my 
third floor abode. 

Another form of L-section network 
is shown in fig. 2B. This circuit differs 
from the previous one in that the roles 
of the L and C components are 
reversed. As you might suspect, this 
switch brings about a reversal of the 
impedance relationships. In this circuit 
the assumption is that driving source 
impedance R1 is larger than load 
impedance R2 (R1 > R2). The equa¬ 
tions are shown below: 

R2 > R1 

X L = R2 [ R1/(R2 - RI)j l/2 or 


A final form of L-section network is 
shown in fig. 2C. Again, assume that 
driving source impedance R1 is larger 
than load impedance R2 (R1 > R2). 



In this circuit, the elements are 
arranged like those in fig. 2A, except 
that the capacitor is at the input rather 
than the output of the network. The 
equations governing this network are: 
R1 > R2 and / < Q < 5 


X L 


= 6.28FL = [(RIR2) - (R3 /?///■? 
or = \!(R1R2) - (R3) 2 
X - 1 = R,R2 

c 6.28FC X L 

C = --- 

6.28FX C 


14 ) 

(5) 

( 6 ) 


L 


X, 

6.28F 


(7) 


So far, we have considered only 
matching networks that are based on 
inductor and capacitor circuits. But 
there is also a possibility of using trans¬ 
mission line segments as impedance¬ 
matching devices. Two basic forms are 
available: quarter-wave sections and 
the series matching section. 
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The Kansas City Tracker is a hardware and software package that connects between your rotor controller and an IBM XT. AT. or 
clone It controls your antenna array, letting your PC track any satellite or orbital body 


The Kansas City Tuner is a companion product that is used in satellite work to provide automatic doppler shift compensation It 
interfaces to your radio through its serial computer control port (RS232) or "mike click" interface to update the receive and or 
transmit frequencies once a second It can be used in digital or analog modes The Tuner is compatible with most rigs including the 
Yaesu 726 & 736, the ICOM 271 471. 275 475. and R 7000 Call regarding your specific rig 

The Kansas City Tracker anti ‘Tuner have several advantages over other products available today Ttiey do not use you 
computer s COMM ports or hardware interrupts The software runs in your computer's "spare time." letting you run other programs 
at the same time Several Kansas City products can be installed in one PC. letting you control up to 16 separate antenna arrays at the 
same time 

The Kansas City Tracker consists of an interface card that can be plugged into a PC short card slot a Terminate And Stay 
Resident (TSR) rotor control program, and a TSR status "pop-up" program The Kansas City Tracker can be connected directly to 
a Yaesu Kenpro 5400 5600 rotor controller, or to any other rotor on the market today using our Rotor Interlace Option 

The rotor driver and status programs are TSR programs that attach themselves to DOS and "disappear ." You can run other DOS 
programs while your antenna tracks its target under computer control at the same time This unique feature is especially useful for 
satellite and land digital work, as communications programs like PROCOMM can be run while the PC aims the rotors at the same 
time The status "pop up" allows the user to view and change the current antenna position and upcoming pass information The 
Kansas City Tracker is compatible with DOS 2 00 or higher and will run under DESQ VIEW 


Satellite and EME Work 

The Kansas City Tracker anil Kansas City Tuner are fully 
compatible with AMSAT s QUIKTRAK (3 2) and with Silicon 
Solution’s GRAFTRAK (2 0) These programs can be used to load 
the Kansas City Tracker's tables with more than 50 satellite 
passes We also supply assembled 8< tested TAPR PSK modems 
with cases and 1 lOv power supplies 

DX. Contests, and Nets 

Working DX or contests and need three hands? Use 111* Kansas 
City Tracker pop up to work your antenna rotor for you The 
Kansas City Tracker is compatible with all DX logging 
programs A special callsign aiming program is included for 
working nets 

Packet BBS 

The Kansas City Tracker comes complete witti special control 
programs that allow the packet BBS user or control op to perform 
automated antenna aiming over an hour, a day. or a week Your 
BBS or packet station can be programmed to automatically solicit 
mail from remote packet sites 

Vision-Impaired Hama 

The Kansas City Tracker has a special morse-code sender 
section that will announce the rotor position and status auto 
matically or on request The speed and spacing of the code are 
adjustable 


The Kansas City Tracker and Tuner packages includes the 
PC interface card, interface connector software diskette and 
instructions Each Kansas City unit carries a one year warranty 


• KS Tracker package for the Yaesu Kenpro 

5400/5600 controller . SI69 

Interface cable for Yaesu Kenpro 

5400 5600 .S 19 

• KC Tracker with Rotor Interface Option 

(to connect to ANY rotors) S199 

• KC'Tracker and Toner combination Add to the price of the 

TRACKER version you need Mike Click version S 59 
RS232 Interface version . S 79 

s Assembled & Tested TAPR PSK modem with case & 

110v power supply . S199 

s AMSAT QUIKTRAK software. $75 


Visa and MasterCard accepted 

Shipping and handling $5. $10 for 2nd day air. $15 lor inter 
national shipments Prices subiect to change without notice 

L. L. Grace 

Communications Products 
41 Acadia Drive • Voorhees NJ 08043 
Call (609) 751 1018 evenings & weekends (EST) for more info 
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ASTRON 

CORPORATION 


9 Autry 

Irvine. CA 99718 
(714) 458-7877 



ASTRON POWER SUPPLIES 

HEAVY DUTY • HIGH QUALITY • RUGGED • RELIABLE < 


SPECIAL FEATURES 

• SOLID STATE ELECTRONICALLY REGULATED 

• FOLD-BACK CURRENT LIMITING Protects Power Supply 
from excessive current & continuous shorted output 

• CROWBAR OVER VOLTAGE PROTECTION on all Models 

oicopl HS-3A, US 4A. RS-5A 

• MAINTAIN REGULATION & LOW RIPPLE at low line input 
Voltage 

• HEAVY DUTY HEAT SINK • CHASSIS MOUNT FUSE 

• THREE CONDUCTOR POWER CORO 

• ONE YEAR WARRANTY • MADE IN U.S.A. 


PERFORMANCE SPECIFICATIONS 

• INPUT VOLTAGE 105 125 VAC 

• OUTPUT VOLTAGE 13 8 VDC t 0.05 volts 
(Internally Adjustable 11-15 VDC) 

• RIPPLE Less than 5mv peak lo peak (lull load & 
low line) 

• Also oviiliblo with 220 VAC input voltagn 


MODEL VS-50M 



RS-A SERIES 




MODEL RS-7A 


RS-M SERIES 




MODEL RS-35M 


VS-M AND VRM-M SERIES 



RS-S SERIES 



19" x 5V« RACK MOUNT POWER SUPPLIES 



Continuous 

ICS' 


Sizo (IN) 

Sbipproi 

MOOEL 

Oily |Amps) 

|Amps| 


H x W x D 

Wl. (lbs.) 

RM-12A 

9 

12 


5% x 19 x 8% 

16 

RM-35A 

25 

35 


5’« x 19 x 12‘* 

38 

RM-50A 

37 

50 


5'« x 19 x 12’* 

50 

• Separate Volt and Amp Meters 






RM 12M 

9 

12 


5% x 19 x 8V, 

16 

RM-35M 

25 

35 


5 Vi x 19 x 12 '* 

38 

RM 50M 

37 

50 


5% x 19 x 12'* 

50 


Continuous 

ICS' 


Situ (IN) 

Skipping 

MOOEL 

Oily (Amps) 

(Amps) 


H x W x 0 

Wt. |lbs | 

RS-3A 

2.5 

3 


3 x 4V. x 5Vi 

4 

RS-4A 

3 

4 


3Vi x 6’r x 9 

5 

RS-5A 

4 

5 


3'-r X 6V« x 7V« 

7 

RS-7A 

5 

7 


3 3 . x 6’? x 9 

9 

RS-7B 

5 

7 


4 x 7'* x 10V. 

10 

RS-10A 

7.5 

10 


4 X 7'* X 10V. 

11 

RS-12A 

9 

12 


4W x 8 x 9 

13 

RS-128 

9 

12 


4 x 7'i X 10Vi 

13 

RS-20A 

16 

20 


5 x 9 x 10'* 

18 

RS-35A 

25 

35 


5 x 11 x 11 

27 

RS-50A 

37 

50 


6 x 13V. x 11 

46 


Continuous 

tes- 


Sizo (IN) 

Skipping 

MOOEL 

Duty (Amps) 

(Amps| 


H x W x 0 

Wl. (lbs | 

• Switchable volt and Amp meter 






RS-I2M 

9 

12 


4'* x 8 x 9 

13 

• Separate volt and Amp meters 






RS 20M 

16 

20 


5 x 9 X 10'* 

16 

RS-35M 

25 

35 


5x11x11 

27 

RS 50M 

37 

50 


6 x 13Vi x 11 

46 

• Separate Volt and Amp Meters • Output Voltage adjustable from 2-15 volts • 

Current limit adjustable from 15 amps 

to Full Load 






Conlinuons 


ICS' 

Sizo (IN) 

Skipping 

MOOEL Dnty (Amps) 


| Amps) H x W x 0 

Wt. |lbs.) 

@13 8V0C 

@I0VDC @5VDC 


@ 13.8V 


VS-12M 9 

5 2 


12 

4'* x 8 x 9 

13 

VS-20M 16 

9 4 


20 

5 x 9 x 10'* 

20 

VS-35M 25 

15 7 


35 

5x11x11 

29 

VS-50M 37 

22 10 


50 

6 x 13V. x 11 

46 

• Variable rack mount power supplies 






VRM-35M 25 

15 7 


35 

5 Vi X 19 X 12'* 

38 

VRM 50M 37 

22 10 


50 

5V« x 19 x 12Vtr 

50 

• Built in speaknr 







Continuous 

ICS' 


Sizo | INj 

Skipping 

MODEL 

Doty (Amps) 

Anps 


H x W x D 

Wl. libs | 

RS-7S 

5 

7 


4x7 '* x 10 V. 

10 

RS-10S 

7.5 

10 


4 x 7 '* x 10'a 

12 

RS-12S 

9 

12 


4'* x 8 x 9 

13 

RS-20S 

16 

20 


5 x 9 x 10'* 

18 







pi networks 

The pi network shown in fig. 3 is 
used to match a high source imped¬ 
ance to a low load impedance. These 
circuits are typically used in vacuum 


-~r~Tr- 

Rl yJ-sCZ 

Rl>R2 

fig. 3. Pi-network. 


tube rf power amplifiers that need to 
match low antenna impedances. The 
name of the circuit comes from its 
resemblance to the Greek letter "pi". 
The equations for the pi network are: 
Rl > R2 and 5 < Q < 15 


Q > 


— - / 
R2 


1/2 


( 8 ) 


or Q > 


J 


— ~1 


R2 


X C2 = 


_ R2 _ 

[R2/(R1(1 + Q2) - l)]l/2 


(9) 


or Xc 2 


_ R2 

. / 

V (Rl(l + Q2) - 1) 


Xci = Rl/Q 


Xl = 


(Rl (Q + (R2/X C2 ))) 
Q2 + 1 


( 10 ) 


split-capacitor network 

The split-capacitor network shown 
in fig. 4 is used to transform a source 
impedance that is less than the load 
impedance. In addition to matching 



antennas, this circuit is also used for 
interstage impedance matching inside 
communications equipment. The 
equations for design are: 

Rl < R2 


Q > 


R2 

Rl 



( 11 ) 


or Q > 



X t = R2/Q 
XciB = 


Rl (Q 2 + 1) 
R2 


1/2 


( 12 ) 




v R2 0 

Xc,A ' o^Ti 


1 - 


Rl 


QXcia 


(13) 


transmatch circuit 


One version of the transmatch is 
shown in fig. 5. This circuit is basically 
a combination of the split-capacitor 
network and an output tuning capaci¬ 
tor (C2). For the hf bands, the capaci¬ 
tors are on the order of 150 pF per sec¬ 
tion for Cl, and 250 pF for C2. The 
roller inductor should be 28 /tH. The 
transmatch is essentially a coax-to- 
coax impedance matcher, and is used 
to trim the mismatch from a line before 
it affects the transmitter. 

Perhaps the most common form of 
transmatch circuit is the T-network 
shown in fig. 6. This network costs 
less than some of the others, but has 
a problem. While it does match imped¬ 
ance (and thereby "tune out" VSWR 
on coaxial lines), it also has a high-pass 
characteristic so does not reduce the 
harmonic output of the transmitter. 
The T-network, therefore, does not 
serve one of the main purposes of the 
antenna tuner — harmonic reduction. 
An alternative network, called the SPC 
transmatch, is shown in fig. 7. This 
version of the circuit offers harmonic 


C2 



fig. 5. Transmatch variant circuit. 


Cl 

cz 

250pF 

250pF 

p*-i 


ZRl / 

fu 

1 

L 26mH 1 

7 ) 

fig. 6. T-network 

7 

transmatch circuit. 

This circuit has a substantial high-pass 

characteristic so it will not suppress har- 

monies. 




fig. 7. Revised T-network, the SPC trans¬ 
match, suppresses harmonics. 


attenuation as well as matching imped¬ 
ance. 

coaxial cable baluns 

A balun is a transformer that 
matches a BALanced load (like a 
dipole antenna) and an UNbalanced 
resistive source impedance (like a 
coaxial cable). With the circuit in fig. 
8 you can make a balun that will trans¬ 
form impedance at a 4:1 ratio, with R2 
= 4 x Rl. The length of the balun 
section coaxial cable is: 


. _ 492 V 

ft FmHz 


(14) 


Where: 

Lf t is the length in feet 

V is the velocity factor of the coaxial 

cable 

Fmhz is the operating frequency in 
megahertz 
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New Scanner 
by AOR 



• Covers 27-54 MHz, 108-174 MHz, 
406-512 MHz, and 800-950 MHz. 

AR900 * 5 Scan Banks and 5 Search Banks. 

Total Price. Freight Prepaid • 25 Day Satisfaction Guarantee, 
(Express shipping Optional) Full Refund if not Satisfied. 

• No Frequencies cut out. 

• Size: 2" x 5¥*" x 1 Vz" wt: 12 oz. 




COMMUNICATIONS 
10707 E. 106th St. Indpls., IN 46256 


Toll Free 800-445-7717 

Visa and MasterCard 
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I Cleveland Institute 

IrfIC of Electronics 

1776 East 17th St.. Cleveland, Ohio 44114 


S 170 


Accredrted Member National Home Study Council 

CIE is the world’s largest independent 
study electronics school. We offer ten 
courses covering basic electronics to 
advanced digital and microprocessor 
technology. An Associate in Applied 
Science in Electronics Engineering 
Technology is also offered. 

Study at home — no classes. Pro- 
grams accredited and eligible for VA 
benefits. 



■ a— Cleveland institute of Electronics 

1776 East 17th St., Cleveland, Ohio 44114 
YES! I want to get started. Send me my CIE school 
catalog including details about the Associate Degree 
program. 

Print Name_ 

Address_Apt_ 

City- State_Zip_ 

Age-Area Code/Phone No_ 

Check box forG.l. Bulletin on Educational Benefits 
□ Veteran Q Active Duty MAIL TODAY! 

AHR-04 


RZ 



fig. 8. Coaxial cable 4:1 balun trans¬ 
former. 



matching stubs 

You can build a shorted stub to pro¬ 
duce almost any value of reactance. 
Use this information to make an 
impedance-matching device that can¬ 
cels the reactive portion of a complex 
impedance. If you have an impedance 
of, say, Z = R + j30 ohms you need 
to make a stub with a reactance of 
- j30 ohms to match it. Two forms of 
matching stub are shown in figs. 9A 
and 9B. These stubs are connected 
exactly at the feedpoint of the complex 
load impedance, although they are 
sometimes placed further back on the 
line at a (perhaps) more convenient 
point. In that case, the reactance 
required will be transformed by the 
transmission line between the load and 
the stub. 

quarter-wave matching 
sections 

Figure 10 shows the elementary 
quarter-wavelength transformer sec¬ 
tion connected between the transmis¬ 
sion line and the antenna load. This 
transformer is also sometimes called a 
Q-section. When things are designed 
correctly, this transmision line trans¬ 
former is capable of matching the nor¬ 
mal feedline impedance (Z s ) to the 
antenna feedpoint impedance (Zr). 
You must have a piece of transmission 
line available that has an impedance 
Z 0 of: 

Z a = (Z s Z r ) 1/2 or Z„ = V (Z S Z R) 

(15) 

Most texts show this circuit for use 
with coaxial cable. While it is certainly 
possible, and even practical in some 
cases, for the most part there is a seri¬ 
ous flaw in using coax for this project. 
It seems that the normal range of 
antenna feedpoint impedances, cou¬ 
pled with the rigidly fixed values of 
coaxial cable surge impedance availa¬ 
ble on the market, combine to yield 
unavailable values of Z G . While there 
are certainly situations that yield to this 
requirement, many times the quarter- 
wave section is not usable on coaxial 
cable antenna systems using standard 
impedance values. 
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On parallel transmission line sys¬ 
tems, however, it is quite easy to 
achieve the correct impedance for the 
matching section. Use the equation 
above to find a value for Z 0 , and then 


LOAO IMPEDANCE 



2 ° 

)X/4 O-SECTION 





fig. 10. Quarter-wave Q-section 
matching. 


calculate the dimensions of the paral¬ 
lel feeders. Because you know the 
impedance, and can more often than 
not select the conductor diameter from 
available wire supplies, use the equa¬ 
tion below to calculate conductor 
spacing: 

S = DIO* 2 -^) 

Where: 

S is the spacing, D is the conductor 
diameter (D and S in the same units), 
and Z is the desired surge impedance. 
From there you can calculate the 
length of the quarter-wave section 
from the familiar 246/Fmhz- 

series matching section 

The quarter-wavelength section dis¬ 
cussed above has several drawbacks: 
it must be located at the antenna feed- 
point, it must be quarter wavelength, 
and it must use a specified (often non¬ 
standard) value of impedance. The 
series matching section is a generalized 
case of the same idea, and permits you 
to build an impedance transformer that 


overcomes most of these faults. 
According to The ARRL Antenna 
Book, this form of transformer is capa¬ 
ble of matching any load resistance 
between about 5 and 1200 ohms. In 
addition, the transformer section is not 
located at the antenna feedpoint. 

Figure 11 shows the basic form of 
the series matching section. There are 
three lengths of coaxial cable: LI, L2, 


meters. If you adopt ARRL notation 
and define A = TAN (LI), and B = 
TAN (L2), then the following equa¬ 
tions can be written: 

If: Z L = R L ± jX L 

TAN L2 = B = (16) 


(r - 1)2 + X 2 
r(N - (1/N) 2 - (r - 1) 2 - X 2 




and the line to the transmitter. Length 
LI and the line to the transmitter 
(which is any convenient length) have 
the same characteristic impedance, 
usually 75 ohms. Section L2 has a 
different impedance from LI and the 
line to the transmitter, usually 75 
ohms. Note that only standard, easily 
obtainable values of impedance are 
used here. 

The design of this transformer 
involves finding the correct lengths for 
LI and L2. You must know the charac¬ 
teristic impedance of the two lines (50 
and 75 ohms given as examples) and 
the complex antenna impedance. In 
the case where the antenna is non¬ 
resonant, this impedance is of the form 
Z = R ± jX, where R is the resistive 
portion, X is the reactive portion 
(inductive or capacitive) and j is the so- 
called "imaginary" operator, i.e., 
square root of - 1. If the antenna is 
resonant, then X = 0, and the imped¬ 
ance is simply R. 

The first chore in designing the 
transformer is to normalize the 
impedances: 

N = Z L1 /Z 0 
R = R l /Z 0 
X = X L /Z 0 

The lengths are determined in elec¬ 
trical degrees, and from that determi¬ 
nation you can find length in feet or 


TAN LI - A = (17) 

(N - (r/N)) x B + X 
R + (XNB) - l 


Where: 

N = Z1/Z 0 
r = R l /Z 0 
Z = X L /Z 0 

Constraints: 

Z1 > Z 0 [VSWR]i/2 

or, Z1 <Z 0 /[VSWR]i/2 

If LI < 0, then add 180 degrees 

If B < 0, then Z1 is too close to Z 0 

Z1 not equal to Z 0 

Z 0 (VSWR]1/2<Z1 < Z 0 /[VSWR]i/2 

Physical length in feet: 

LI' = LI X/360 
L2' = L2 X/360 
Where: 

\ = 984 x Velocity Factor 
Frequency in Megahertz 

The physical length is determined 
from ARCTAN (A) and ARCTAN (B), 
divided by 360, and multiplied by the 
wavelength along the line and the 
velocity factor. 

Although the sign of B may be 
selected as either + or -, the use of 
+ is preferred because a shorter sec¬ 
tion is obtained. In the event that the 
sign of A turns out negative, add 180 
degrees to the result. 

There are constraints on the design 
of this transformer. For one thing, the 
impedances of the two sections LI and 
L2 can't be too close together. In 
general, the following must obtain: 

Either, 

Z L1 > Z 0 x SWR 
or, Z L1 < Z 0 / SWR 

ham radio 
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Analysis of 
multi-element arrays; 
all-driven-element design 


the Quad antenna part 3, 

circular-loop and octagonal arrays 


An array of two or more circular loops (like any other 
antenna) can have all elements driven, or some driven 
and the others self-excited, or parasitic. The special 
case of one driven element is sometimes called the 
Yagi-Uda configuration; this really applies only to the 
configuration of one parasitic reflector, a driven ele¬ 
ment, and one or more parasitic directors, all elements 
being dipoles. 

Part 3 addresses circular-loop and octagonal arrays 
— initially with two elements, then with more. This 
is followed by a limited discussion of a particular all- 
driven-element design. 

theory of two circular-loop arrays 

The relationships between two circular loops, par¬ 
allel and on a common axis, are shown in fig. 1. Com¬ 
pare this with the single-loop drawing in part 2, fig. 
1. The important difference is that two loops contrib¬ 
ute to the field, and in turn, to the induced currents. 
They have the same requirement that the component 
of the field along the wire be zero. 

Computational complexity can be reduced if the 
current on each loop is assumed to be the sum of two 
currents, of the form: 

11 = la + lb 

12 = la - lb 

Those with power-line engineering training will recog¬ 
nize this as a form of "symmetrical component" analy¬ 
sis used for multiphase power lines. 

The assumed currents la and lb are the same on 
both loops. This allows you to solve for the currents 
using Hallen's 2 method. Unfortunately, this simplifi¬ 
cation does not help much in practical calculation. 


PARASITIC 

ELEMENT 


TOWARD 
PARASITIC 
ELEMENT 

CIRCUMFERENCE * 
k » 2r/X 

CIRCUMFERENCE x * 
SPACING « c 
SPACINGx’ C/A 

FEEDPOINT 

fig. 1. Geometry and nomenclature for a circular loop 
array. Two quantities are needed to describe each ele¬ 
ment, and another to specify the spacing, the letter C 
is used here. For octagons, an added descriptor for the 
number of sides is needed. 


There is no easy way to use the ten curves prepared 
by Storer 13 to derive the currents on the two ele¬ 
ments. Theory application is beyond practical small 
computer use; a large computer is needed. But a 
number of published results of this theoretical analy¬ 
sis can be applied to practical antennas. These will 
serve as the basis for some further analyses, for com¬ 
parison, and also provide some data on the perfor¬ 
mance of practical designs. 

the basic two-loop array 

As with the Yagi, the two-loop array with one loop 
parasitically excited is both a useful antenna and the 
basis for further array expansion. Practically, these 

By R.P. Haviland, W4MB, 1035 Green Acres 
Circle North, Daytona Beach, Florida 32019 
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No other repeaters or controllers match 
Mark 4 in capability and features. That's 
why Mark 4 is the performance leader at 
amateur and commercial repeater sites 
around the world. Only Mark 4 gives you 
Message MasteriM real speech • voice 
readout of received signal strength, 
deviation, and frequency error • 4- 
channel receiver voting • clock time 
announcements and function control • 7- 
helical filter receiver • extensive phone 
patch functions. Unlike others. Mark 4 
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fig. 2. Forward-lobe gain for a reflector-radiator combi¬ 
nation, plotted against size of radiator. Separate curves 
are shown for reflectors of 1.0,1.1 and 1.2 wavelengths 
circumference. The top curve shows the maximum gain 
possible by choice of reflector size and spacing. Gain of 
an isolated element is shown for comparison. Data from 
Ito et al.” 


two-element arrays give the largest increase in perfor¬ 
mance for a given investment in size and weight. 

All the performance data on the designs described 
here are derived from Ito, Inagaki, and Sekiguchi 11 . 
Gain values are in dB above isotropic, unless other¬ 
wise noted. 

gain performance 

Figure 2 shows the forward gain performance with 
the parasitic element tuned as a reflector. The top 
curve shows the maximum gain with retuning; the 
nearly parallel curves show the gain for a specific para¬ 
sitic element size. 

For the two-element beam with reflector, the max¬ 
imum gain is 8.1 dB. The gain is <3 to >5 dB higher 
than the gain of an isolated radiator of the same size. 
Over the range of radiator size from 1.0 to 1.25 wave¬ 
lengths, the optimum gain varies only by 0.1 dB or so. 
Also, the gain does not vary greatly for changes in 
reflector size, typically by ±0.6 dB for a change from 
1.1 to 1.3 wavelengths loop size. This means that the 
two-element loop with reflector is a good wideband 
antenna, with nearly constant forward gain over the 
wide frequency range of ±15 percent. 

Forward gain performance with the parasitic ele¬ 
ment tuned as a director is shown in fig. 3. The top 
curve shows the maximum gain that can be developed 
for a given radiating loop size by tuning the director 


and choosing the best spacing. The nearly parallel 
curves give the gain for given sizes of the director. Also 
shown is the gain of a single isolated element. 

The maximum two-element gain is 7.3 dB. This 
represents almost exactly a 3-dB increase over a single 
loop of the same size. This 3-dB increase is essentially 
independent of radiator size but is sensitive to direc¬ 
tor dimension. 

The combination of nearly maximum gain and good 
gain stability led the developers of this data to recom¬ 
mend that the radiator loop be larger than resonant 
size. Their specific recommendation is 1.2 wavelengths 
circumference. Some consequences of this are dis¬ 
cussed later. 

The curves for a 1.2-wavelengths radiator in figs. 
4 and 5 are also useful. The variable for these curves 
is radiator-parasitic spacing in wavelengths. 

As we have seen, maximum gain with the parasitic 
element as a reflector is 8.1 dB, and for the parasitic 
element as director it is 7.3 dB. These values show 
on the curves. Maximum reflector gain occurs at 1.08 
wavelengths loop circumference at a spacing of 0.15 
wavelength. Maximum director gain occurs at 0.95 
loop circumference and a spacing of 0.1 wavelength. 

Minimum back radiation with a reflector is - 12.1 
dB. This nearly occurs over the range of reflector sizes 
from 1.1 to 1.15 wavelengths circumference, and the 
range of spacing from 0.1 to 0.25 wavelength. Maxi¬ 
mum front-to-back ratio occurs at a circumference of 
1.1 wavelengths and a spacing around 0.1 wavelength. 
It is about 20 dB. 

The data in part 1 shows that the optimum director 
size for minimum back radiation varies markedly with 
spacing. Minimum back radiation with the parasitic as 
a director is -3 dB, but this occurs for spacings 
around 0.6 wavelength, beyond the range of practical 
use. The forward gain is only 2 dB at this point. The 
practical minimum backlobe level is essentially 3 dB, 
occurring over the range 0.8-0.96 wavelength direc¬ 
tor circumference and a spacing of 0.1 wavelength. 
The front-to-back ratio is only 4 dB. A director of 0.9 
wavelength circumference and 0.15 wavelength spac¬ 
ing will give nearly as good gain and front-to-back 
ratio. 

These data show that the best design values for a 
two-element circular loop array, and for the radiator- 
reflector combination for larger arrays, are the same. 
Maximum performance is obtained from 

• Radiator circumference, 1.2 wavelengths. 

• Reflector circumference, 1.1 wavelengths. 

• Element spacing, 0.15 wavelength. 

Radiator circumferences from 1.1 to 1.3 wavelengths 
give nearly the same performance. 

drive impedance 

The drive impedance of an isolated loop is a complex 
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function of loop and conductor diameter. These 
factors apply with a parasitic element present plus the 
added complexity of the changes introduced by the 
currents on that element. Because of this there is very 
little data on feed impedances in scientific or engineer¬ 
ing literature. It is necessary to use the limited amount 
available to develop trends and then depend on meas¬ 
urements to design the antenna feed. Fortunately this 
is not difficult, given the wideband characteristics of 
loop antennas. 

The paper by Ito, et al. 11 includes a single set of 
curves that give useful information about the radiator- 
reflector combination. Data is for a reflector of 1.1 
wavelengths circumference, with an element omega 
of 11, corresponding to a loop-to-conductor radius of 
39. This is typical of a self-supporting UHF antenna. 

The following values are developed from the curves; 
resonance, of course, means that the drive reactance 
is zero: 

• Isolated resonant loop 

Radiator circumference = 1.1 wavelengths. 

Drive resistance = 153 ohms. 

• Resonant radiator with reflector 
Radiator circumference = 1.08 wavelengths. 

Drive resistance = 139 ohms. 

• Resonant radiator with director 
Radiator circumference = 0.87 wavelength. 

Drive resistance = 250 ohms. 

• Isolated 1.2-wavelengths loop 
Drive resistance = 215 ohms. 

Drive reactance = 84 ohms. 

• 1,2-wavelengths radiator with reflector 
Drive resistance = 158 ohms. 
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fig. 4. Forward and back lobe intensities for typical 
radiator-parasitic combinations, plotted against parasitic 
spacing. As usual for parasitic elements, maximum gain 
and maximum f ront-to-back ratio occur for different con¬ 
ditions. For two-element antennas, the reflector at 0.12 
wavelength spacing is a good choice. Data from Ito et 
al." 


Drive reactance = 365 ohms. 

• 1,2-wavelengths radiator with director 

Drive resistance = 33.5 ohms. 

Drive reactance = - 132 ohms. 

The change in impedance is greater for the director 
and this behavior is much the same as for the two- 
element Yagi. The reason for the increase in drive 
resistance for the resonant element with director lies 
partly in the marked change in length needed to cancel 
the self- and induced reactances. 

Remember that a standard method of matching is 
to change the length of the driven element, then add 
a stub to cancel the reactance, leaving the resistance 
at the value that matches the line impedance. You can 
also do this with loops, but it may require some loss 
in loop area and therefore loop gain. A gamma match, 
or stub-transformer sections, would be a better choice. 

For most two-element arrays, a good feed is a 4:1 
balun at the antenna, used with 50-ohm line. Solid- 
state transmitters will probably require a better match 
to obtain rated output, say by use of a transmatch. 
A possibility is a gamma match, used by at least one 
commercial design with good results. The simplest 
alternative is to use low-loss line, say 75-ohm Teflon™ 



RADIATOR SIZE HI 


fig. 3. Forward-lobe gain for a director-radiator combi¬ 
nation, plotted against radiator size. Separate curves are 
shown for directors 0.8,0.9 and 1.0 wavelengths circum¬ 
ference. The top curve shows the maximum gain possi¬ 
ble by choice of director size and spacing. Gain of an 
isolated element is shown for comparison. Data from Ito 
et al.” 
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or foam, or 300-ohm twin lead, plus an appropriate 
transmatch. A transmatch is a necessity if you want 
the full advantage of the wideband loop characteristic. 

patterns 

There is a limited amount of theoretically derived 
pattern data in current literature. Figure 6A-C is 
replotted from the patterns in Ito et al. 11 which are 
similar to the corresponding patterns of two-element 
Yagi antennas 16 . The front-to-back ratio is reasona¬ 
bly good for reflectors in the 1.1-1.2 wavelengths cir¬ 
cumference range. Directors of any size give poor front 
to back, although the forward gain is good, as 
described above. 

None of the theoretical analyses found in the litera¬ 
ture show patterns in other planes or for cross-polari¬ 
zation. These will be covered later by approximate 
analysis. 

multi-element arrays 

The theory above for two-element antennas has 
been used to examine the properties of multi-element 
circular-loop arrays, by Ito et al. 11 and by Shoamanesh 
and Shafai. 1718 Experimental work has been report¬ 
ed by Appel-Hansen. 13 Their work is summarized in 


figs. 7 and 8 and shows the gain versus array length. 
Also shown is the theoretical gain of Yagi antennas 
derived by Lawson. 19 

The gain for the usual Yagi is determined primarily 
by array length. The first few directors add about 1 
dB per director. Thereafter, the gain increases about 
3 dB for each doubling of array length. 

Information in table 1 is taken from Shoamanesh 
and Shafai's 17 theoretical table. All of the entries are 
for a director spacing of 0.3 wavelength. This gives 
maximum gain for the number of elements used, and 
reasonable front-to-back performance. Gain, expected 
drive impedance, and minor lobe characteristics plus 
front-to-back ratio are tabulated. 

Arrays constructed from the table values should be 



kb, « 1.2 a 
kf>2 * 0.9A 
SPACING - O.lk 
il’ll 

fig. 6. Horizontal plane patterns with horizontal polari¬ 
zation for three selected radiator-parasitic combinations. 
A and B show patterns with reflectors; C shows a pat¬ 
tern using a director. The front-to-back ratio of a reflec¬ 
tor is good for a fairly wide range of conditions. While 
the director forward gain is also good over a fairly wide 
range, the front-to-back ratio is always poor. Patterns 
are scaled from a number plotted by Ito et al. 11 
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BOOM LENGTH (WAVELENGTHS) 

fig. 7. Measured gain of multi-element circular loop ar¬ 
rays. plotted against total boom length. Gain shown is 
not necessarily the maximum for the boom length given. 
The arbitrary curve is shown for comparison. Data from 
Appel-Hansen.” See also Lindsay.” 
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fig. 8. Calculated gain of multi-element circular loop ar¬ 
rays, plotted against boom length. Separate curves are 
shown for director spacings of 0.1, 0.15, 0.2, 0.25, and 
0.3 wavelength spacing. For most boom lengths, a small 
increase in gain can be attained by using close spacing. 
There are penalities for this: for example, greater wind 
load, and usually, smaller bandwidth. Data from 
Shoamanesh and Shafai.” 


easy to build in self-supporting form for frequencies 
in the VHF, UHF, and SHF ranges. By adopting the 
principle of the bicycle wheel, discussed in a later part 
of this series, you can build hf designs. 

The design values in table 1 are known to be near 


optimum for maximum performance. A small increase 
in gain may be obtained by making some changes in 
element size and spacing. Unfortunately, there may 
be appreciable change in minor lobe structure if much 
retuning is attempted. 

The only theoretical data relating to the gain of 
multi-element circular-loop arrays comes from the 
same source, 1718 and is summarized in fig. 8. This 
again shows gain versus boom length, but with in¬ 
dividual curves for director spacing. A small but def¬ 
inite increase in gain is usually possible by adding 
directors, but the limit of improvement is not known. 
Retuning must be done carefully. Front-to-back ratios 
vary from about 10 to over 25 dB from one set of spac¬ 
ings to another, and there are probably changes in 
bandwidth as spacing changes. Shoamanesh and 
Shafai 17 give some guidelines for design optimization. 

The data in Chapers 2 and 3 of Lawson 19 gives more 
information on results obtainable by optimization. 
Conversion of this data to loop design conditions is 
somewhat tedious. First calculate the self- and mutual 
reactances for the length and spacing data given by 
Lawson. 19 Then transform these values to loop size 
and spacing, using the curves and tables given in this 
series or the references. The basic computational proc- 
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fig. 9. Calculated front and back lobe levels of an oc¬ 
tagonal array, plotted against radiator circumference. 
Radiator circumference is 1.2 and spacing is 0.15 
wavelength. The gain of a two-element circular loop is 
shown for comparison. The variation in gain would be 
more marked if the size of the reflector were also varied, 
but this shows again that loop antennas are broadband. 
The difference in circular and octagonal gain appears to 
be largely due to calculation technique differences. 
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Table 1. Calculated performance of multi- and circular-loop arrays. 



boom 



no. 

wave¬ 

gain 

F/B 

directors 

lengths 

(dB) 

(dB) 

2 

.70 

10.70 

15.20 

4 

1.30 

12.50 

25.80 

6 

1.90 

13.50 

14.20 

8 

2.50 

14.40 

14.20 

9 

2.80 

14.80 

16.40 

10 

3.10 

15.20 

23.00 


H-B/W 

E-B/W 

drive.R 

drivejx 

(Deg) 

(Deg) 

(Ohms) 

(Ohms) 

59.00 

54.00 

58.50 

156.70 

48.00 

44.50 

44.20 

168.00 

40.50 

38.50 

56.00 

179.80 

35.00 

32.50 

63.60 

163.30 

32.50 

30.50 

52.00 

17.50 

30.50 

30.00 

45.60 

163.10 


Reflector = 1.1, radiator = 1.2, and all directors = 0.9 wavelength circumference. Reflector is spaced 0.15 and directors 0.3 wave¬ 
length. The nine-director array needs no matching, the others only a capacitive stub across the feedpoint. A balun is not neces¬ 
sary, but is probably helpful in avoiding feedline and tower radiation. 



SPACING. X IRADIATOR TO PARASITIC ELEMENT) 


fig. 10. Mutual admittance of two octagonal loops, one 
wavelength in diameter. For wider separation, the mag¬ 
nitude of the admittance decreases nearly inversely with 
separation, and the phase linearly. These curves plus the 
self admittance data given in the second article of the 
series allow determination of array patterns by use of 
pattern multiplication techniques. 


ess described in Lawson's Chapter I 19 or in Kraus 20 
can be modified for loop anaylsis. 

octagonal arrays and loop 
approximations 

Arrays of polygons are not common; circular ele¬ 
ments are usually just as easy to build. There is also 
the matter of added resistance at the joints between 
segments, if present. The octagonal array data includ¬ 
ed here is primarily for use in approximating the per¬ 
formance of circular-loop arrays. 


Figure 9 is for comparison and gives the gain and 
front-to-back ratio for a two-element octagonal array. 
It is very nearly the same as for the two-element cir¬ 
cular array of fig. 2. 

Figure 10 gives the mutual admittances between 
two 1.0-wavelength elements. Combined with the self¬ 
admittance values of table 1 , these curves allow cal¬ 
culation of the currents in any multi-element array, and 
in turn the pattern as described by Kraus 20 and used 
by Lawson. 19 As mentioned above, these curves make 
the performance data calculated by Lawson 19 useful 
as an approximation to circular-loop (and other shape) 
arrays. 

patterns of octagonal arrays 

Figure 11 shows the MININEC-calculated horizon¬ 
tal-plane pattern of a two-element, bottom-fed array 
with a parasitic director — an array with nominally 
horizontal polarization. Radiator and director circum¬ 
ferences are 1.0 and 0.9 wavelengths, and spacing is 
0,15 wavelength. The pattern resembles that of an 
equivalent two-element Yagi, which also shows poor 
front-to-back ratio. Somewhat more gain could be 
obtained with a larger radiator and closer spacing. 

Figure 12 shows the same calculation for a 
1.1-wavelengths reflector. Gain is nearly maximum 
from this element combination, and the back lobe is 
reasonably small. This appears to be a good choice 
for a two-element beam or for the exciter section of 
a large array. 

Figure 13 shows the same calculation for a three- 
element octagonal array, with 0.9, 1.2, and 1.1 direc¬ 
tor, radiator and reflector circumferences, with the 
director spaced at 0.2 and the reflector at 0.15 wave¬ 
length. The gain is close to but below the maximum 
attainable with this boom length. The front-to-back 
ratio is reasonable. Experience with 2, 10, 15 and 
20-meter versions of this combination indicates that 
better front to back, up to about 30 dB, is possible 
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fig. 11. Horizontal plane pattern of the h-polarized com¬ 
ponent from a bottom-fed director-radiator combination. 
Circumferences are 0.9 and 1.0 wavelength. Spacing is 
0.15 wavelength. Forward gain is reasonable, but the 
back lobe is large. 



with element tuning. Figure 8 shows that the gain 
could be increased about 1 dB by a second director 
at 0.1-wavelength spacing. 

Figure 14 shows another pattern for the same beam 
for the total radiation component. Because of the small 
cross-polarized component present in loops, the sides 
of the pattern are filled in, so the front-to-side ratio 
is poor. 

It is my experience that the filled-in pattern is correct 
for high-angle or E-layer radiation. However, low-angle 
radiation, typical of F2-layer DX, shows the high front- 
to-side discrimination of fig. 13. Under good condi¬ 
tions, an S9 + signal can be dropped to the noise level 
if the signal is placed on the 90-degree null. This results 
in a reduction of 40 dB or more. The same charac¬ 
teristic is noted on 15 meters when E-layer skip is 


present. Published theoretical analyses shed no light 
on this performance difference. It appears to be asso¬ 
ciated with ground reflection. We will return to this 
subject later in this series. 

all-driven arrays 

As with dipole elements, loops can be used in driven 
arrays. Driven arrays are not common in Amateur use 
because of space requirements. The few occasional¬ 
ly encountered are typically two-element designs. 
These are also used in place of a single radiator ele¬ 
ment in some high-performance arrays, partly for gain 
and front-to-back improvement, but also to improve 
the effective bandwidth. 

Figure 15 shows the MININEC-calculated gain for 
two 1.0-wavelength loops spaced 0.12 wavelength, 
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fig. 15. Horizontal component pattern for two one- 
wavelength loops separated 0.12 wavelength and bot 
tom fed 135 degrees out of phase. The antenna is relat¬ 
ed to the "ZL-Speciar'. and is useful by itself. The 
technique is also useful as the feed of large arrays, to 
give better front-to back and gain. 
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fig. 16. Calculated gain and front to back ratio of a two 
element array designed for 14 MHz, but operated over 
the range 8 22 MHz. Forward lobe gain exceeds that of 
a dipole over the entire range. The back lobe can even 
be larger than the main lobe, but effective interference 
reduction is usually possible by rotating the antenna to 
place the interference in a null. Any antenna of the Quad 
family is a useful wide band antenna for occasional oper 
ation on other than designated bands. Based on data 
from Ito et al." 


and fed 135 degrees out of phase, like the 'ZL- 
Special" antenna. The gain performance is good, but 
the back lobe is rather large. Antennas of this type will 
be studied further when we discuss rectangular loops. 

super-wideband operation 

Figure 16 shows the calculated performance of a 
20-meter two-element array from 8.5 to 20 MHz. The 
gain curve shows that this parameter exceeds that of 
a dipole over the entire range. In fact, the performance 


is reasonable over 7 to 30 MHz, although there is lobe 
splitting on the higher bands, and main-lobe reversal 
on the lower ones. Front-to-back ratio is high only near 
the design frequency, however. 

The secret of using this wide bandwidth lies in the 
transmission-line matching technique used. I prefer 
Teflon-insulated 75-ohm cable. Open-wire line or twin 
lead is also good. A matchbox is a necessity. (I think 
that a matchbox should always be used to simplify 
using the entire band and to reduce harmonic radia¬ 
tion.) One fact seems clear: if you are using a Quad, 
you can have multiband operation without a lot of real 
estate for an antenna farm. 

Part 4 deals with the square or Quad loop and some 
of its close relatives. 

references 

16 F.E. Terman. Radio Engineers' Handbook McGraw Hill, New York, 1943 
(any edition). 

17 A Shoamanesh and l Shalai. “ Properties ol Coaxial Yagi Loop Arrays.” 
IEEE Transactions Antenna Propagation, July 1978 

18 A Shoamanesh and L Shalai, "Design Data for Coaxial Yagi Array of 
Circular Loops,” IEEE Transactions Antenna Propagation. September 1979 

19 Janies L. Lawson, Yagi Antenna Design. ARRL, Newington. Connecti¬ 
cut. 1986. 

20 John D Kraus. Antennas. McGraw Hill New York, I960. 
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LET THE SUN DO 
THE WORK 



SolarSystems 


• Charge batteries on 
stored machinery 

• Light your tent 

• Run tans 

• Run remote trans¬ 
mitters 

• Light signs 

» Pump water tor your 
animals 

• Power tor your motor 
home 

• Run your radio without 
batteries 

• Light your home 

• Yard lights 

• Charge flashlight bat¬ 
teries 

• Light your cabin 

• Run electric fences 

• Charge your boat 
battery 

• Run appliances In your 
home 

• Charge hand held 
radio batteries 

• Fish shanty lights 

• Charge your Cam¬ 
corder battery pack 


ALSO: OUTSTANDING PRICES ON IBM XT 
COMPATIBLE SYSTEMS! 


shippinginformation Pt .easeinclude io%Of oroerforship 
PING AND HANDLING CHARGES (MINIMUM U 50. MAXIMUM »l« CA 
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<% SALES TAX FOR TREE FLTER, SEND 239 STAMP OR SASE 


HAL-TRONIX, INC. (313)281 7773 
12671 Dix-Toledo Hwy 12:00 g oo EST Mon Sat 



P.O.Box 1101 ■•HAL" HAROLD C NOWLANO 

Southgate. Ml 48195 wmxh 
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products 


high-speed frequency entry 
for Kenwood transceivers 

Kenwood rigs now feature the KW-QSY 
frequency-entry keypad. The QSYers provide a 
means for high speed and simple frequency 
selection. 

The QSYer is a tiny computer terminal with 
its own internal 8-bit microprocessor and sup¬ 
port circuitry. Its full-size telephone-type keypad 
is inclined at a 10 degree angle. The unit is 
housed in an all-metal enclosure measuring 3.1" 
x 3.5" x 2" and has an internal speaker that 
sounds a different tone for each key. 

The KW-QSYer works with the TS-940 series 
(with the Kenwood IF-10B interface installed), 
TS-440 series (with IC-10 installed), TS-140 se¬ 



ries (with IF-10C installed), and TS-711/811 se¬ 
ries (with IF-10A installed). It requires an 8-16 
volt, 100 mA, external dc supply. 

The KW-QSYer (and its sister models for the 
757GX, 757GX-II, 767GX. and the 1C 735) are 
available from Stone Mountain Engineering 
Company. All are priced at $89.50, plus $2.50 
shipping. A companion 12-volt dc wall supply 
for the KW QSYer is $10, For more information 
write to Stone Mountain Engineering Company. 
P.O. Box 1573, Stone Mountain, Georgia 30086 

Circle #301 on Reader Service Card. 


new twist to old antenna 
concept 

DMQ ofleres an antenna designed to cover 
all frequencies between 13 MHz and 30 MHz, 


while maintaining a better then 2.1 SWR and 
handling up to 250 watts P.E.P. Targeted at the 
Amateur with limited space, it is a loop stand¬ 
ing on end with an approximate diameter of 36 
inches. The antenna is connected through a 
standard SO 239 fitting directly to your 52-ohm 
coax transmission line. No external matching 
unit, pretuned coax line, ground screen, or radial 
system is needed. 

Frequency resonance is obtained by adjust¬ 
ing a special high-voltage vacuum variable ca¬ 
pacitor. The antenna is made of high quality 
copper; the vacuum variable capacitor is a glass- 
type design. All metal surfaces are chemically 
cleaned and covered with two coats of exterior 
enamel paint. 

The antenna has a bidirectional radiation pat¬ 
tern. The high-Q design is stable to frequency 
and provides a high level of harmonic suppres 
sion. Pattern gain is developed throughout the 
antenna's frequency range. 



The antenna has a mounting hook, nylon line, 
and tuning wand supplied. The antenna can be 
suspended from the ceiling of the Amateur's 
apartment; outdoor installations are also feasible. 

The antenna comes assembled and ready for 
use. It is factory adjusted for the 15-meter Nov¬ 
ice portion of the band. The unit price is $349.50, 
plus shipping and handling in the continental 
U.S. For information contact DMQ Technolo¬ 
gy, 221 Slater Boulevard, Staten Island, New 
York 10305. 

Circle /302 on Reeder Service Card. 


SIQ repeater controller 

A-Tech Electronics announces the SIQ 
Repeater controller. Using the power of a 
microcomputer, the SIQ-2 provides basic repeat¬ 



er functions, voice ID, programmable Morse 
code ID, autopatch, reverse autopatch, audio 
mixing, linking, and more. 


The SIQ controller comes with an rf-proof rack 
mount box and all 16 I/O lines have rf beads to 
prevent rf problems. The manual contains 
detailed information on connecting your radios, 
programming the features, and user commands. 
The software listing is provided for making cus¬ 
tom modifications. 

An optional phone patch board is available. 
Up to five area codes can be programmed to help 
control long distance access. 

The features are controlled by touch-tone com¬ 
mands. Courtesy tones, tail squelch length, CW 
ID, sleep/wake up mode, alarms, and other con¬ 
trol commands are all remotely programmable. 
Sixteen I/O lines are provided. 

The SIQ rack mount steel enclosure has D- 
style connectors. The user manual contains 
hookup and command instructions, an electronic 
schematic of the system, and source code listing. 

The SIQ repeater controller retails for $349.95; 
the SIQ with phone patch is $449.95. Contact 
A-Tech Electronics. 1033 Hollywood Way, Bur¬ 
bank, California 91505 for more information. 

Circle /303 on Reader Service Card. 


new code and theory 
course audio cassettes 

Amateur Radio School announces the addi¬ 
tion of "The Video Novice" to their line of code 
and theory courses on audio cassettes. 

The course material contains two VHS video 
cassettes, each two hours in length, one C90 au¬ 
dio cassette, and a manual study guide. Cassette 
No. 1 has two hours of theory; cassette No. 2 
has one hour of theory and one hour of visual 
code class. 



The course is aimed at the person who has 
limited understanding of electronics. It covers 
all the subjects that the person new to amateur 
radio needs to know with practical demonstra 
tions and explanation The Video Novice Course 
is just $39.95 plus $5.00 for postage and 
handling. 

For more information, write to Jerry Ziliak, 
KB6MT, Amateur Radio School, 2350 Rosalia 
Drive, Fullerton, California 92635. 

Circle #304 on Reader Service Card. 
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Others May Try to Imitate, But 



THRESHOLD M < 

DCO 

* 

PAKRATT 232 


MULT SENO CONV 

RO TFC OVER 

• • • • • 

STA CON CMO TRANS 

STATUS 


ARO CHECK PKT MORSE 

MODE 


RADIO 1 A OFF 



Radio ? 


Morse Code - Baudot - ASCII - AMTOR - Packet - Facsimile - Navtex 

Amateur Net Price $319.95 


It’s a lesson you learn very early in life. Many can be good, some may be better, but only one can be 
the best. The PK-232 is the best multi-mode data controller you can buy. 


1 Versatility 

The PK-232 should be listed in the 
amateur radio dictionary under the 
word Versatile. One data controller 
that can transmit and receive in six 
digital modes, and can be used with 
almost every computer or data ter¬ 
minal. You can even monitor Navtex, 
the new marine weather and naviga¬ 
tional system. Don’t forget two radio 
ports for both VHF and HF, and a no 
compromise VHF/HF/CW internal 
modem with an eight pole bandpass 
Filter followed by a limiter dis¬ 
criminator with automatic threshold 
control. 

The internal decoding program 
(SIAM ,m, feature can even identify 
different types of signals for you, in¬ 
cluding some simple types of RTTY 
encryption. The only software your 
computer needs is a terminal program. 



PC’ Pakratt Packet TX/RX Display 



Facsimile Screen Display 


2 Software Support 

While you can use most modem or 
communications programs with the 
PK-232. AEA has two very special 
packages available exclusively for the 
PK-232....PC Pakratt with Fax for 
IBM PC and compatible computers, 
and Com Pakratt with Fax for the 
Commodore 64 and 128. 

Each package includes a terminal 
program with split screen display, 
QSO buffer, disk storage of received 
data, and printer operation, and a 
second program for transmis- 
sion/rcception and screen display of 
facsimile signals. The IBM programs 
are on 5-1/4" disk and the Com¬ 
modore programs are plug-in ROM 
cartridges. 


3 Proven Winner 

No matter what computer or ter¬ 
minal you plan to use, the PK-232 is 
the best choice for a multi-mode data 
controller. Over 20,000 amateurs 
around the world have on-air tested 
the PK-232 for you. They, along with 
most major U.S. amateur magazines, 
have reviewed the PK-232 and found 
it to be a good value and excellent ad¬ 
dition to the ham station. 

No other multi-mode controller of¬ 
fers the features and performance of 
the PK-232. Don't be fooled by imita¬ 
tions. Ask your friends, or call the 
local amateur radio store. We're con¬ 
fident the PK-232 reputation will con¬ 
vince you that it’s time to order your 
very own PK-232. 

Call an authorized AEA dealer 
today. You deserve the best you can 
buy, you deserve the PK- 232. 

Advanced Electronic 
Applications, Inc. 

P.O. Box C-2160 
Lynnwood, WA 98036 
206-775-7373 

A E Brings you the 
flkfl Breakthrough! 
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Because you never know 
who’s listening. 


The sky’s no longer the limit. 

With Yaesu’s new FT-736R 
VHF/UHF base station, you’ll 
experience some of the best 
DX happening in ham radio. 
Via moonbounce. TVopo. Aurora. 
Meteor scatter. Or satellites. 

Join thousands of VHF/UHF 
pioneers already scanning the 
cosmos with their FT-736Rs.The 
most complete, feature-packed 
iigs ever designed for the serious 
operator. 

Versatile frequency 
coverage. The FT-736R comes 
factory equipped for 2 meters 
and 70 cm (430-450 MHz), 
with two additional slots for 
optional 50 MHz, 220 MHz, or 
1.2 GHz modules. 

Multimode facilities. 
Every FT-736R is equipped for 
LSB, USB, CV( and FM opera¬ 
tion. Wide/narrow filters for lx)t.h 



FM and CWare factory installed 
—not expensive opt ions.'There’s 
even all-mode squelch, too! 

Satellite ready. A truly 
turn key satellite rig, the 
FT-736R includes crossband 
full duplex capability. Plus VFO 
tracking for one knob tuning 
on both normal and inverted 
transponders. And with the 
optional 1.2 GHz module 
installed, you’re QRVon Modes 
B, J, L, and JL. With, one km 

Exceptional receiver 
design. The FT736R was 
designed with low noise figure 
and careful gain distribution, 


for industry-leading sensitivity 
for weak signal work. And in 
addition to the wide/narrow' 
CWand FM filter selection, you 
get IF shift. An IF notch filter. 
Noise blanker. Audio tone shap¬ 
ing control. Three-position AGC 
selector. And a preamp switch 
for activating your tower-mount 
RX preamplifier. 

Operate Fast-Scan TV! 
Install the optional TV-736 and 
1.2 GHz modules, and you’re 
ready to operate fast-scan 
double-sideband TV with FM 
audio subcarrier. Black and 
white or color! 

ContesterV> dream! Versa¬ 
tility is a must in VHF contests, 
as openings are brief. For quick 
activity checks, use the separate 
“channel” selector for a speedy 
trip up the band in selectable 
steps (SSB or FM!). Use the two 




Video camera and monitor not available from Yaesu and not supplied with TV 7Mf>. 
Prices and tperificuUnns subject ki change without nutiOe. FTTIXIR shown with 220 Mllr. opium installed 


















Seriously 


VFOs per band to watch 
different areas of the 
band. Keep your sked fre¬ 
quencies stored in any of 
the 100 memories, which 
retain frequency and 
mode. And let the RF speech 
processor get you through tough 
pile ups. 

Ready for computer con¬ 
trol. The FT-736R is equipped 
for CAT (Com¬ 
puter Aided Tim¬ 
ing) control via 
the rear panel 
4800 baud serial 
data port (our 
command set is 




Write for your free ejinitrrrcstrinl 
QSL cant at our aiUtress below. 

complete frequency control ami 
satellite/ EME antenna track¬ 
ing using our new G-5400B or 
G-5600B AZ EL rotators. 

Your total communica¬ 
tions package. The FT-736R 
delivers 25 watts RF output on 
2 meters, 220 MHz and 70 cm. 
And 10 watts on 6 meters and 
1.2 GHz. With separate linear 
amplifier relay control lines for 
each band. 


station, choose from 
these popular accessories: 
Iambic keyer module. 
FTS-8 CTCSS unit. FVS-1 
voice synthesizer. FMP-1AQS 
message display. E 736 DC cable. 
MD-1B8 desk micro¬ 
phone. And our superj 
YU-55 headphones. 

Discover the 
FT-736R 
at your 
Yaesu 
dealer 
today. But 
first make plenty of room for 
exotic QSL cards. Because the 
ultimate DX is out there. And 



included in your owner’s man- And to round out your you never know who’s listening. 





ual). Create your own software FT-736R 
for Doppler-corrected 
satellite tuning, 
elaborate scan¬ 
ning rou fines, or 
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Measure Up With Coaxial Dynamics 
Model 85A Termination Wattmeter 


A direct-reading Instrument tor servicing 50 ohm communication systems and 
maintaining them at peak operation. 



The Model 85A features: 

• Dry load no coolant required. 

• Replaceable connectors, interchangeable without affecting instrument 
calibration. 

• Four power ranges easily switchable — 

0-3/15/50 and 150 watts full scale. 

• Frequency Range: 20 to 512 MHz 

• Accuracy: ± 5% OFS 

• Temperature Compensated 
Contact us for your nearest 
authorized Coaxial 
Dynamics 
representative or 
distributor in our 


c 


world-wide sales 
network. 


COAXIAL 
DYNAMICS, INC. 


Industrial Parkway 
Cleveland, Ohio 44135 
216-267-2233 1-800-COAXIAL 
Telex: 98-0630 


Service and Dependability.. .A Part of Every Product 


S 154 


THROW AWAY YOUR FALCON CATALOGS 

* Falcon Communications, 

THE source for quality, 

• * American made, MOS- 

FET and bipolar repeater, 
base station and mobile 
power amplifiers an- 
w nounces a major re-design 

of our line. 

; ) Send for information on 

our models 8151, 8152, 

8153, 8162, 8163, 8171, 

8172, 8181, 8182, 8183, 

8184, 8251, 8252, 8253, 

8261, 8262, 8271, 8272 
and 8282. 



M* FALCON 

COMMUNICATIONS 



P.O. Box 8979 • Newport Beach, CA 92658 
COMMUNICATIONS (714)760 3622 


Please send all reader Inquiries directly 


SPECIALISTS 

IN FAST TURN 

PC. BOARDS 


PROTOTYPE P.C. BOARDS 

AS LOW AS $25.00 

• SINGLE & DOUBLE SIDED 

• PLATE THROUGH HOLES 

• TEFLON AVAILABLE 

• P C. DESIGN SERVICES 

FOR MORE INFORMA TION _ 

/Midland 

Technologies 

34374 EAST FRONTAGE ROAD 
BOZEMAN, MT59715 (406)586-1190 


^ 155 


BLACK DACRON” POLYESTER 
ANTENNA ROPE 


• UV-PROTECTED 

• HIGH ABRASION RESISTANCE 

• REQUIRES NO EXPENSIVE POTTING HEADS 

• EASY TO TIE & UNTIE KNOTS 

• EASY TO CUT WITH OUR HOT KNIFE 

• SIZES: 3/32’ 3/16" 5/16” 

• SATISFIED CUSTOMERS DECLARE EXCEL¬ 
LENCE THROUGHOUT U S A 

LET US INTRODUCE OUR DACRON* 

ROPE TO YOU • SEND YOUR NAME AND 
ADDRESS AND WE LL SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION 

Dealer Inquiries Invited 


* 


synthetic 

textiles.inc. 


7472EASTMANAVE .BUII.0ING21 
VtNIURA. CALIFORNIA 93003 
1805)6587903 
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Electronic Repair Center 

Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 
Kenwood. Icom and Yaesu. 

SEND US YOUR PROBLEMS 

Servicing "Hams" lor 30 years, no rig 
loo old or new for us. 

4033 Brownsville Road 
Trevose, Pa. 19047 

215 - 357-1400 


52 ESB August 1988 














new 2-meter mobiles from 
ICOM 

ICOM has introduced the IC-228A, 25 watt, 
and 1C 228H, 45 watt, 2-meter top-of-the-line 
mobiles. These compact models (5.5" wide by 
2.0" high by 5.4" deep and 6.2" deep, respec 
tively) have 13 front panel controls for ease of 
operation. Both feature wideband Rx coverage 
of 138-174 MHz; Tx coverage is 140-150 MHz. 
Twenty memory channels with a lock-out func 
tion store the frequency. It lias offset and subau- 
dible tone for each memory. Both models feature 
programmable scan and memory scan, priority 
watch to monitor the call channel, a memory 
channel, or all memory channels every five se 
conds while operating on another frequency. 



An optional UT-40 squelch unit emits a 
30-second alarm when the frequency of a 
received tone equals the set tone frequency. 

The suggested retail price of 25-watt 1C 228A 
is $509.00; the 45 watt IC228H is $539.00. 

For more information contact ICOM Ameri 
ca, Inc., 2380 116th Avenue. N.E., P.O. Box 
C 90029. Bellevub, Washington 98009 9029 
Circle /309 on Reader Service Card. 


tools for coaxial users 

Mouser Electronics offers a Simplex Coaxial 
Cable Stripper, Crimping Tool, and a Strip'n 
Crimp Tool Kit for working with coaxial cable. 

The cable stripper is 3.5" long and can strip 
most coaxial cable from 3.6 mm to 7.6 mm. It 
comes with three bladod preset cassette provid¬ 
ing up to 5000 strips per cassette. Use the strip¬ 
per for precision cutting through sheath, braid, 
and dielectric simultaneously or separately. Ask 
for Part No. ME382-CS1/3CBR. 

The crimping tool is made of heavy gauge ma¬ 
terial. It has a controlled cycle mechanism for 
complete crimp, dual apertures for greater ca¬ 
ble range, and a built-in release catch. This tool. 
Part No ME382 DC89, comes with instructions. 

The Strip'n Crimp Coaxial Tool Kit is a com¬ 


plete tool kit for coaxial users. Each kit contains 
a dual crimping tool, simplex cable stripper, ten 
plugs and cable sleeves for the following sizes; 
RG59, RG62, UR90. URM43, URM90, URM96, 
or 0.6/3.7 cables. Instructions are included with 
the kit. Ask for Part No. ME382 SNC5859 

A complete catalog is available free of charge. 
Contact Mouser Electronics, 2401 Highway 287 
North, Mansfield. Texas 76063. 

Circle 1305 on Reader Service Card. 


VR-1 voltage reference 

The VR-1 is the latest product in the Sibex line 
of portable test equipment. The handheld pre 
cision voltage source is battery powered, and 
output is selectable from 10 mV to 10 V, in a 
1 -2-5 sequence, by the 11 -position switch. Both 
-t- and - voltages are available at the output 
terminals. A low battery indicator is provided on 
the front panel. The unit is housed in a pocket 
size plastic case; power is supplied by a stan¬ 
dard 9-volt battery inside the case. 





Units are available from stock and priced at 
$89.95. For information contact Sibex, Inc., 1088 
Kapp Drive, Clearwater, Florida 34625. 

Circle /306 on Reader Service Card. 


AR-80LM logic monitor 

American Reliance has added the AR-80LM 
logic monitor to their logic measurement prod¬ 
uct line. 

The custom 1C design provides autodetection 
of both power and ground pins, making instal¬ 
ment usage an easy, clip on and view operation. 
The unit also autodetects both TTl and CMOS 
logic levels. 

The unit provides indications for logic high, 
low, and pulsing inputs. For pulses with repeti 
tion rates over 8 Hz, the unit flashes the LED 
at an 8 Hz rate. This allows use of the unit at 
clock rates of up to 40 MHz. 

The AR-80LM sells for a suggested user price 
of $79 and includes a storage case and opera¬ 



tor's manual. For details contact ARI Media, 
9241 E. Valley Boulevard, Suite 201, Rosemead, 
California 91770. 

Circle /307 on Reader Service Card. 

new mobile amplifiers and 
repeater controller 

RF Concepts has two new all mode solid state 
rf power amplifiers and a new repeater controller. 

UHF amplifiers are: model RFC 4-310, 30 wans 
in = 100 watts out, maximum input 35 watts; 
and RFC 4-110, 10 watts in = 100 watts out, 
maximum input 15 watts. Both use a GaAsFET 
receive pre-amp with 15-dB gain and a noise fig 
ure of 1.75 dB. They require 13.8 VDC, current, 
25 ampere. Measurements are 11.5"L x 6"W x 
3"H. The RFC A310 is priced at $324 and the 
RFC 4 110 is $349, 

The repeater controller RFC 8 RC has a con¬ 
trol system capable of handling all the require¬ 
ments for large multiple-site interconnected 
systems as well as the simple repeater. The list 
price is $395. 

RF Concepts products can be purchased from 
Amateur Radio dealers. For details contact RF 
Concepts, 2000 Humbolt Street, Reno, Nevada 
89509 

Circlo 008 on Reader Service Card 


Genius at Riverhead 

Genius a I Riverhead is the story of Harold H. 
Beverage, developer of the "Beverage 
Antenna”. 

This biography tells of Harold's travels and 
work with many of the leaders in the field of wire 
less and related sciences. 

The 130-page book, with 35 photos, is avail 
able through the ham radio Bookstore for $15.95 
plus $3.50 for shipping and handling 
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remote base/simplex 

phone patch controller 


Control your station 
locally 

or from a distance 


The terrain in my northern Alabama location is hilly 
and a large mountain blocks most of the targeted 
coverage area for 2 meters limiting my QSOs. I explor¬ 
ed several solutions to the problem, including placing 
a repeater on a mountain top, and finally decided to 
use a box hooked to a simplex radio that can be 
remotely located and controlled from a standard 
touchtone telephone. 

The box can be connected either to the Public 
Switched Telephone Network (PSTN) as in fig. 1, or 
at a local level with the circuit shown in fig. 2. It re¬ 
quires only the telephone and a few extra components. 
The station can be located in the garage, with the 
telephone the only radio "apparatus" in the family 
room. Add a speaker phone for general monitoring and 
use the handset for private conversation. 

making it secure 

After completing the hardware design, I address- 





\ 

U 

LOCAL 

TELEPHONE 


PSTN 


REMOTE 

BOX 

CONTROL 





fig. 1. PSTN operating mode diagram. 


ed the issue of security. Could I limit transmitter 
access to ham operators only and maintain a reason¬ 
able amount of control during operations involving 
non-hams? 

I solved the first problem by using an access code 
to activate the transmitter. To control operations in¬ 
volving non-hams, I decided to limit all communica¬ 
tions from the telephone line to a 30 second maximum 
transmission time. If the telephone line carrier keeps 
the transmitter on past this time, the transmitter drops 
out and allows no further transmissions from the tele¬ 
phone until the box receives instructions from the con¬ 
trol operator. 

operation 

Begin operation by calling the remote unit from a 
remote telephone. After the selected number of rings 
you will hear the remote unit activate. You are now 
in the receive or monitor mode. Always listen for traffic 
already in progress before transmitting. 

To transmit, enter your access code then press the 
# key and then the 9 key. After transmitting, depress 
the 9 key and the transmitter will deactivate. To trans¬ 
mit again, you need only hit the 9 key. 

Terminate the call by hanging up or hitting the 
the remote unit automatically shuts down. Time-out 
timers allow transmissions of only 30 seconds or less. 

Once the access code is entered, you can go into 
vox mode at the remote site by entering # and 0. The 
transmitter keys whenever you speak into the tele¬ 
phone. If the transmitter is keyed for longer than the 
allowed time, the remote unit will deactivate it and pre¬ 
vent further transmissions until the carrier from the 
telephone drops out and instructions are received from 
the control operator. To exit this mode enter tt and 

By Roger Owens, AA4NX and Jeff Owens, 
KK4LA, P.O. Box 277, Owens Cross Roads, 
Alabama 35763 
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fig. 2. Private line operating mode diagram. 


wait for an answer. The remote unit automatically goes 
into the vox mode. The operator has control of the 
remote unit and can terminate the call. Calls are limit¬ 
ed to 3 minutes; all long distance calls are prevented. 

digital circuitry 

A microprocessor reduces the number of com¬ 
ponents (see the block diagram in fig. 3 and circuit 
in fig. 4). I used the 80C31 because of its timers, on¬ 
board RAM, interrupt structure, and special function 



fig. 3. Functional block diagram. 


0 from the local site. This returns the remote to 
monitor mode. 

status indicators 

Several indicators built into the software routines 
determine the status of the remote unit: 

• CD —Main carrier detect. 

• RADCD —Carrier detected is from the radio receiver. 

• TELECD —Carrier detected is from the telephone 
line. 

• OH —Remote unit is in the off-hook condition. 

• PTT —Remote unit has the transmitter keyed. 

• ACCESS —Remote unit has accepted access code. 
Table 1 lists commands which activate specific out¬ 
put port pins. They are used to turn on NPN switch¬ 
ing transistors that drive external control relays. These 
relays in turn activate additional functions through 
touchtones (DTMF) from a telephone or radio. 

Mobile operation requires a touchtone generator. 
To call, enter your access code then send the * and 
0 command to the remote unit. This takes the unit 
off hook and keys the transmitter for 3 seconds to 
acknowledge the dial tone. When the transmitter 
drops out, dial your number, listen for ring back and 


Table 1. User defined port definitions. 

Port A 


Output bit-function 

Output bit-function 

1 —TELCAR 

5-SPARE 

2— RADCAR 

6-SPARE 

3-PTT 

7 — SPARE 

4—OH 

8-SPARE 

Port B 


Output bit-function 

Output bit-function 

1-#1 

5 —#5 

2 —#2 

6—#6 

3-#3 

7 -m 

4-#4 

8-m 

lUser defined) 


registers. The 80C31 also has various op-code instruc¬ 
tions which operate on internal and external bytes and 
bits for programming ease. 

The microprocessor is configured as follows: Port 
0 is used as a multiplexed port in conjunction with the 
74HCT373 eight-bit latch to separate the lower order 
address from data. This occurs each time address latch 
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fig. 4 "Brain" of controller is 80C31 microprocessor. 



fig. 5. Dallas Semiconductor DS1232 is used as reset and 
watch dog timer. 


enable (ALE) goes high. Port 2 serves as the higher 
order program address lines. 

I selected this microprocessor, driven by a 12-MHz 
crystal, for its proper timer operation (which I will 
describe later). Port 1 serves as both the input and out¬ 
put port for the system. Port 1 bits, 0 through 3, are 
used as input data from the DTMF receiver. Port 1 bit 
4 is used for an output pin for the 1-kHz clock, gen¬ 
erated by the real-time clock routine in the software. 
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fig. 6. Eight bit latches are used for input and output 
ports. 


Port 1 bit 5 is used as an output control pin to make 
the off-hook (OH) relay active. This signal is gener¬ 
ated when the unit is in private line (no dc), has de¬ 
tected the correct amount of ring cycles, or senses 
telephone line current. The tone generator is used for 
warning beeps and CW signal; Port 1 bit 6 is used to 
turn it on and off. Port 1 bit 7 is used as the push-to- 
talk (PTT) signal to the radio transmitter whenever a 
transmission is requested. 

Port 3 provides the system's interrupt scheme. In¬ 
put pin 2 is an edge-triggered interrupt used for main 
carrier detection. Input pin 0, in conjunction with the 
main carrier detect bit, tells the microprocessor that 
the carrier is from the telephone lines. Input pin 1, 
along with the main carrier detect bit, tells the 
microprocessor that the carrier is from the radio. 

Input Port 1 pin 3 is an edge-triggered interrupt that 
indicates the presence of a ring signal or telephone 
off-hook current. 

Input Port 1 pin 4 tells the microprocessor that the 
carrier is a valid DTMF signal. 

Input Port 1 pin 5, the input to a timer interrupt, 
generates a 1-second interrupt to drive the time-out 
timers and long delays. The remaining bits of Port 3 
generate the system read and write signals. 

The microprocessor reset is input on pin 9. A Dallas 


Semiconductor DS1232 is used as the reset and 
watchdog timer in this system. To prevent a reset sig¬ 
nal from being generated, this reset circuit (fig. 5) 
must be written to by software at a periodic rate. A 
reset signal is also generated if the power drops be¬ 
low a predetermined level. This chip can save you trips 
to your remote site, but is not necessary for this 
application. A simple RC network can also be used 
to generate a reset signal on power-up. 

The program memory used is a 16K x 8 EPROM 
(27C128A), as seen in fig. 3, chosen to allow for 
expansion. 

I needed extra input and output ports to provide for 
the input and output of control signals. The 74HCT138 
is used to decode external addresses for these ports. 
Only four ports are used; four more are held in reserve 
for expansion. All input and output ports (see fig. 6) 
use an eight-bit latch (74HCT373). Ports A and B are 
used for output; Ports C and D are for input. 

The write signal for the output ports (see fig. 7) is 
generated by the selection of an address, NOR'ed with 
the system write signal. This scheme is used for all 
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of the day! 


Have you been trawling the hounding main fora new product? We have just 
netted it—the TP-38 microprocessor controlled community repeater panel which 

provides the complete interface between the . . ^ 

repeater receiver and transmitter. Scuttle jjEE - 

individual tone cards, all 38 El A standard 


C TCSS tones are included as well as time and hit accumulators, programmable 

timers, tone translation, and AC power supply at one low price of $595.00.The $595.00 each 

TP-38 is packed like a can of sardines with features, as a matter of fact the only $59.95 DTMF module 

additional option is a DTMF module for $59.95. This module allows complete $149.95 Digital CTCSS module 

offsite remote control of all TP-38 functions, including adding new customers or 

deleting poor paying ones, over the repeater receiver channel. : 

Other features include CMOS circuitry for low power consumption, non-volatile „ v ,,ilabte w 

memory to retain programming it power loss occurs, immunity to falsing, pro- /’TCSS 

grammable security code and much more. The TP-38 is hacked by our legendary _. _If/tl ^ 

I year warranty and is shipped fresh daily. Why not set passage for the abundant waters 
of Communications Specialists and cast your nets for a TP-38 or other fine catch. 


ViP 



COMMUNICATIONS SPECIALISTS. INC. 

M26 West Taft Avenue • Orange, CA 92665-4296 
Local (714) 998-3021 • FAX (714) 974-3420 

Entire US.A. 1-800-854-0547 
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external output ports. The read signal for the input 
ports is generated by OR'ing with the system read 
signal. Each input port bit is activated by opening the 
appropriate switch. The port pin is then pulled high 
by a pull-up resistor, telling the microprocessor it needs 
servicing. 

DTMF signal decoding is done by the -GTE 8870 
CMOS DTMF chip (see fig. 8). Command signals may 
be entered into the system via the telephone line or 
radio receiver. When a valid DTMF signal is received, 
four bits are sent to the microprocessor input along 
with a strobe signal (std) telling the processor that the 
detected carrier is due to a DTMF signal. The proces¬ 
sor then decodes this signal and performs the com¬ 
manded task. 

The tone generator consists of a 555 timer chip, set 
for a frequency of 1 kHz. The generator is turned on 
by a signal from the processor. The signal is capaci- 
tively coupled and the level set by a 10 -k pot — one 
of the inputs to a summing amplifier that supplies 
audio to the radio transmitter. 

analog circuitry 

A description of the telephone interface circuitry 
(see fig. 9) begins with the ring and off-hook current 
components. The telephone network has a 600-ohm 
impedance, so transformer T1 is 600 to 600 ohms and 
meets FCC rules part 68 : this box does not have FCC 
registration. 


In an on-hook configuration, the dc path is broken 
by the off-hook relay. When a ring signal is applied 
across tip and ring, it is coupled through R 33 and C 17 
from the ring side of the telephone line. The signal is 
then applied to the input of the H11G3 opto-isolator 
and CR 8 , and the ac circuit is completed through 
these components and tip side of the telephone line. 
When the ring signal goes positive H11G3 turns on, 
pulling resistor R 26 low, generating an interrupt to the 
processor during each positive portion of the ring 
cycle. The processor requires a count of ten cycles 
out of every cycle for a good ring. Once the accumu¬ 
lated rings reach the count, selected by ring 1 through 
ring 3 dip switches on Port D, the processor sends a 
signal to the off-hook relay closing the dc path. This 
causes current to flow through the 61.9-ohm resistor, 
generating a voltage drop which turns the H11AA1 
opto-coupler on. A signal is then sent to the proces¬ 
sor indicating that line current is present. This signal 
is sampled continuously, and if line current disappears 
for a certain length of time the processor sends a de¬ 
activate signal to the off-hook relay. 

The telphone line side of the interface has a device 
to protect it from the possiblity of over-voltage spikes. 
The secondary side of the telephone circuit has both 
transmit and receive signal currents. The GTE 8912 
PCM filter splits the signal into either a receive or trans¬ 
mit path. Two zener diodes prevent the PCM filter 
from overloading. 
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The receive signal enters through C 14 and R 30 , with 
the gain resistor being R 31 . The telephone output exits 
on pin 16 of the PCM filter. The radio receive signal 
enters the PCM filter on pin 10, and drives T1 through 
a differential amplifier in the PCM filter. 

The DTMF receiver input is taken from the secon¬ 
dary side of Tl, allowing command signals to be de¬ 
coded from either the telephone or the radio receiver. 

The PCM filter requires a 2-MHz clock signal to pro¬ 
vide necessary filter characteristics. This signal is 
generated by first NAND'ing the system read and write 


signals, then OR'ing the result with the system ALE. 
As a result, the microprocessor clock frequency is 
divided by 6 . 

audio and carrier detect 

The telephone signal to be transmitted leaves the 
PCM filter at pin 16 and then enters through R 22 into 
a summing amplifier, where the CW tones are also 
mixed when required (see fig. 10). The amplifier's out¬ 
put goes to the radio microphone input through a 
604-ohm resistor serving as an impedance-matching 
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Wideband Preamp 10 -1000 Mhz 

Dual GasFet low noise 
preamplifier for HF, UHF or VHF 
systems. Just perfect for the R- 
7000. Excellent for Spec 
Analyzers, Scanners, etc. Gain 20 
Db +/- 1 DB. -3 Db at 2 & 1100 
Mhz. 1 Db compression of »-10 
Dbm. Intercept points »-45 Dbm. 
New shipped price of only 
$124.95. Pa. residents please add 
6% state tax. 

GTI Electronics 

RDl BOX 272 
Lehighton. Pa. 18235 
717-386-4032 
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MICROWAVE ANTENNAS AND EQUIPMENT 
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Arrays • Microwave Trane verier* • GaAa FET Preamp* 
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BEVERAGE ANTENNA 
HANDBOOK 
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Please enclose $3.50 shipping & handling 


ham radio BOOKSTORE 


GREENVILLE, NH 03048 603-878-1441 


by Vic Misek, W1WCR New Edition 


W1WCR has spent countless hours developing new 
antenna ideas and optimizing the SWA (Steerable 
wave antenna ) Misek delves deep into the secrets 
ol the single wire Beverage with helpful hints and 
tips on how to maximize pertoimance based upon 
wue size, height above ground, overall length and 
impedance matching Also includes mtoimation on 
center led Beverages constructed out ot several 
wire types SMALL LOT OWNERS Beveiage lor 
you tool Called the Mlcro-SWA. it is just 60 It 
long You get excellent directivity and null steering 
capabilities Transformer design information lot 
both termination and leedline matching is com 
pletely revised 1987 80 pages 
VM BAH Sottbound $14.95 


“The ’850 Found a New Friend” 


The Industry standard RC-850 Repeater Controller can 
now talk with your computer. 


And there’s so much for them to sayl 

The ’850 computer Interface Improves the 
management of your voice repeater system. 
It allows you to command and program 
Interactively from your terminal or 
personal computer using a MODEM or 
packet TNC. Even preview and edit 
repealer messages by typing words from 
the controller’s vocabulary directly Into 
message slots. 

Retrieve and catalog data relating to your 
site measurements, equipment status, and 
repeater and command activity. Download 


and print out the Information programmed 
into your controller. And view your system 
"front panel" on your computer screen. 

You’ll find the RC 850 controller on the 
leading voice repeaters around the world. 
ACC pioneered remote programming of 
repeaters - and continues to pioneer with 
remote computer access. While the rest 
of the world Just talks about catching up. 
ACC continues to lead the way In advanced 
repeater technology. 

Now. with Its computer Interface, the ’850 
can be best friends with your computer. 


QCC 


advanced 
computer 
controls, inc. 


2356 Walsh Avenua. Santa Clara, CA 95051 


(408) 727-3330 
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device. This op-amp can be either an amplifier, attenu¬ 
ator, or buffer, depending on the ratio of R 22 and R 23 - 
In my application it was a buffer. 

The telephone carrier detect circuitry has three 
parts: signal amplifier, rectifier, and comparator. The 
amplifier takes the incoming signal and amplifies it to 
a level sufficient for rectification. The gain is then set 
by the R 27 and R 28 ratio. Diode CRg half rectifies the 
signal allowing a positive voltage to be applied to the 
filter capacitor C4. Voltage is applied to the input on 
a voltage comparator, U 15 . When the voltage of the 


input signal rises above the voltage reference at pin 
6 , the output goes to a high state generating an inter¬ 
rupt through an OR gate. A signal is sent to the 
processor pin (described earlier) indicating the carrier 
is from the telephone. Resistor R 17 provides a hys- 
tresis effect in the comparator stage, preventing out¬ 
put chatter if the incoming signal received is close in 
level to the reference. Diode CR5 and R4 are used to 
forward bias CR5. This discharges filter capacitor C4 
which removes the signal from the processor. Carrier 
detection has a fast attack and a slow decay. CR7 
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Make DEALS with the Dealers! Meet the Manufacturers! WIN the Contests! 

• FCC Exams * Hidden Transmitter Hunts * AMSAT Satellite & Net Meetings • 
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Early Bird Registration $6 

For tickets write: Art Tomkinson, W1THT, 9 Oliver Ter., Revere, MA 02151 
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fig. 13. Component layout superimposed on component side artwork. 


prevents a negative voltage greater than 0.6 VDC from 
being applied to the comparator input. This will 
happen if the carrier stays off long enough — the 
circuit goes negative. 

Radio receive signal path enters the system through 
Cii into a summing amplifier U 19 . This amplifier takes 
the signal from the radio and amplifies it to a -9 dBm 
output on the telephone line. Be sure your audio in¬ 
put level doesn't go above this level — it is the highest 
level permitted on the public switched system. 

Approximately 35 mV is all that is required to 


achieve this level. I found the audio input to the vol¬ 
ume control was the best method of obtaining audio 
from the radio receiver. This level should not be varied 
during normal operation. 

The radio carrier detect circuit is identical to the tele¬ 
phone carrier detect circuit. 

strap option 

Next select the parameters. Look over the functions 
of the Port C and D dip switches, and choose the ones 
for your application. (See Table 2.) 
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Table 2. Port C, D dip switch selections. 

Port C (SW-11 

Port D (SW-2) 

Switch No,/Function 

Switch No./Function 

1 —4 First digit of 

1 —Test of 1-kHz tone 

access code 0-9 

2—Expansion 

3 — Private line (no del 

4—Expansion 

5—8 Second digit of 

5 —Expansion 

access code 0-9 

6—Ring count 0 (LSB) 

7 —Ring count 1 binary 
coded 

8 —Ring count 2 (MSB) 
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HAM RADIO 
TECHNIQUES 


Bill Orr, W6SAI 


the joys of TVI or, 
were you on the air 
last night? 

Radio frequency interference (RFI) 

and television interference (TVI) have 
been around for years. In the last de¬ 
cade they have been joined by VCR, 
telephone answering machine, stereo, 
and cable TV interference along with 
other irritants that can drive an active 
Amateur crazy. 

More and more household gadgets 
are susceptible to nearby rf energy. 
One cause of the proliferation of RFI 
problems is the deregulation of the tele¬ 
phone companies. Hundreds of new 
telephone gadgets are on the market, 
and many of them are poorly designed 
by manufacturers who know nothing 
of interference problems. A lot of the 
gadgets are so small and tightly pack¬ 
aged that there is no room inside them 
to install filtering. 

Most of the VCRs, TV sets, and 
good AM/FM stereo systems built af¬ 
ter 1984 seem to be more rf resistant 
than their ancestors; this is good 
news. However, it must be empha¬ 
sized that the unwanted signal rejec¬ 
tion varies between manufacturers and 
models and it is risky to assume a par¬ 
ticular TV set or stereo is TVI resistant! 
This month's column concerns RFI 
problems associated with TV/VCR 
combinations and cable TV hookups. 


One of the areas in the TV/VCR/ca- 
ble field that bears close examination 
is common mode interference. John 
Norback, W6KFV, a technical consul¬ 
tant in the field of RFI, provided infor¬ 
mation on this subject. 

common mode 
interference 

The term "common mode current" 
originated with the computer industry. 
Before this the power and communi¬ 
cation industries called the phenome¬ 
non "longitudinal line current" or 
"parallel line current". 

Common mode interference is 
caused by parallel line current induced 
in a circuit normally carrying out-of¬ 
phase current. The unwanted current 
can be induced from a nearby Amateur 
transmitter. The signal is picked up by 
the TV feedline or cable system. The 
offending line serves as a good anten¬ 
na for high-frequency signals. 

In a balanced two-wire system (like 
a 300-ohm TV transmission line) the in¬ 
duced currents in the two wires are in 
the same phase. The ribbon line 
responds to the induced current as if 
the two conductors were tied in 
parallel to operate as one. 

In an unbalanced system, like a 
coaxial line, the common mode picture 
is more complex. This is because the 
induced parallel line currents are not 


the same in both conductors (the 
center conductor and the shield). The 
induced current is much higher on the 
coax shield than it is on the center con¬ 
ductor (fig. 1). 

In either case, the induced line cur¬ 
rent must go somewhere. Unfor¬ 
tunately, it goes into the TV tuner or 
VCR circuitry, through the various 
receiver stages, and then via capaci¬ 
tors to ground through the ac power 
cord of the receiver. Elimination of 
common mode interference must in¬ 
volve filtering, or breaking, both con¬ 
ductors of the TV signal lead-in. 

Common mode interference is par¬ 
ticularly bothersome on TV sets that 
are connected to cable TV systems. 
Even though the main cable system 
may be buried, it surfaces in the homes 
and acts as a pickup antenna for near¬ 
by, strong rf signals. Ground loops or 
poor joints in the system complicate 
the problem. 

a practical approach to 
common mode 
interference 

Television interference from receiver 
fundamental overload and transmitter 
harmonics has been well covered in 
the literature. The cures, too, are well 
known: a low-pass filter for the trans¬ 
mitter, a high-pass filter for the TV 
receiver, and a good ground for the 
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TWO-WIRE COAXIAL 

BALANCED LINE 

LINE 

fig. 1. Common mode current (dashed 
line) is equal in each wire in balanced 
system but is unequal in coaxial system 
(right). 


nels. Normally, common mode TVI will 
affect all TV channels, whether har¬ 
monically related to the ham signal or 
not, but the number of disturbed chan¬ 
nels depends on the strength of the 
parallel line currents and how well the 
manufacturer has designed the TV set. 
(Note that a vertical transmitting an¬ 
tenna will cause a stronger common 
mode signal than will a horizontal an¬ 
tenna. Common mode interference 
can also exist on 40, 80 and 160 meters 
— bands not usually subject to har¬ 
monically related interference.) 

Once you've determined which 
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fig. 2. (A) Simple home cable TV setup with TV converter built into receiver. (B) Home 
cable TV setup with external converter. Some installations may have two or more ad¬ 
ditional TV sets installed. More complex installations involve FM, stereo systems, ex¬ 
ternal speakers, etc. Do not forget these when investigating interference. All are 
suspect. 


filtered. Solve the interference problem 
first.* 

Once the TV set and/or cable TV 
converter are free from interference 
with the TV signal input lead discon¬ 
nected, place a balun/high-pass filter/ 
balun arrangement in the signal lead 
(fig. 4). The interconnecting leads 
should be as short as possible. A parts 
list is given in the drawing. Radio 
Shack parts were selected because 
they are widely available. Parts specifi¬ 
cations are listed in case you select 
components from other manufac¬ 
turers. 

If everything's been done correctly 
up to this point, there should be no in¬ 
terference on the TV set regardless of 
transmitter frequency and TV channel 
selected. If you're still experiencing in¬ 
terference, install a coaxial high-pass 
filter between the cable TV converter 
and the TV set, as shown. 

when a VCR is involved 

The procedures for eliminating TVI 
in a cable TV system apply equally well 
when a VCR is involved, but the final 
solution may be more complex. There 
are many makes of VCRs and many 
different ways of connecting them into 
the cable TV system. They can be in 
series with the cable TV converter or 
TV set, or split off the cable TV input 
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fig. 3. Home cable TV installation involving a VCR. Three power cables are involved, 
any one of which could pickup rf energy. 


shield of the coax line from transmit¬ 
ter to antenna. A power line filter may 
be required for the TV set as well as 
the transmitter. Unfortunately, these 
cures do not affect common mode in¬ 
terference to any substantial degree. 

Figure 2 shows, in simplified form, 
the basic home equipment involved in 
a typical cable TV system. The first 
drawing shows a simple arrangement 
where the cable TV converter is built 
into the TV set; the second shows an 
arrangement where a cable TV con¬ 
verter is used to offer greater program 
selection. Figure 3 shows an installa¬ 
tion involving a VCR. 

The cooperation of the TV owner is 
essential. First determine what ham 
band frequencies and TV channels are 
affected. Do not be fooled by interfer¬ 
ence on harmonically related TV chan- 


radio frequencies are causing the TVI, 
note the affected channels. It may be 
all of them, or just one or two. Discon¬ 
nect the TV receiver from the input sig¬ 
nal lead to the antenna or cable system 
and recheck the channels where there 
was interference. Normally, the chan¬ 
nels will be clear. If interference still ex¬ 
ists, a power line filter for the TV 
receiver may be needed, or external 
speaker lines of the receiver must be 


lead. Figure 5 shows some typical ar¬ 
rangements involving VCRs along with 
the correct method of eliminating com¬ 
mon mode interference. 

With the cooperation of the TV 
owner, first disconnect the cable TV 

•For detailed information on all aspects of interference 
(including interference to Amateur operation) the Inter¬ 
ference Handbook by William R. Nelson, WA6FQG, an 
RFI investigator with 33 years experience, is available 
from ham radio Bookstore for $11.95 plus $3.50 ship¬ 
ping and handling. 
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fig. 4. Filter arrangement for TV and cable TV converter. 
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fig. 5. Filter arrangements for VCR installation. In case of severe interference install 
parts 1. 2, 1 of fig. A here. 


input signal lead from the circuit. Place 
a tape in the VCR and let it play, ob¬ 
serving the picture on the TV set. 
Operate your transmitter on all hf 
bands, one at a time, and note any in¬ 
terference on the VCR picture. Also 
check all channels with the VCR in¬ 
operative but in the circuit. Identify any 
TV channels experiencing interference. 
If there is interference with the VCR 
operative, or unoperative but still in the 


circuit, install the balun/high-pass 
filter/balun arrangement discussed 
earlier between the cable TV signal in¬ 
put lead of the cable TV converter. If 
interference continues, disconnect the 
VCR from the circuit and repeat the 
tests with the TV converter in the cir¬ 
cuit. You may need to insert a coaxial 
high-pass filter between the cable TV 
converter and the TV set. 

These arrangements should solve 








the interference problem with the VCR 
either on or off. If the problem con¬ 
tinues, the interference may be in the 
VCR circuitry associated with the 
recording or playback heads, or it may 
be due to improper grounding or faulty 
connectons in the cable TV circuit. It's 
a good idea to contact the cable TV 
company involved and ask them to in¬ 
spect their equipment for proper con¬ 
nections. Don't be surprised if the 
cable TV company inspects your sta¬ 
tion with a spectrum analyzer. If the 
cable company finds transmitter har¬ 
monics, you need to do more work on 
your installation, or you must inves¬ 
tigate the possibility of external rectifi¬ 
cation. If the cable TV circuit is 
"clean", the problem lies in the VCR. 

Because sensitive circuits of the 
VCR operate in the low-frequency por¬ 
tion of the 80-meter band, it is wise to 
restrict operation to the upper portion 
of the band until you solve the 
problem. Check with servicers of the 
VCR in question to see if any TVI cor¬ 
rective measures are available for that 
model. The VCR is a complicated elec¬ 
tromechanical device and probing its 
"innards" is not recommended! 

the Faraday solution 

I received a note from Wayne Coop¬ 
er, AG4R, outlining a system which 
"breaks" a TV coaxial line for protec¬ 
tion against fundamental overload and 



common mode interference. The idea 
was sent to him by ZS6AUB, who got 
it from G3LLL. It consists of a 1:1 
transformer in the antenna lead which 


will pass the VHF signal but will reject 
a lower frequency interfering signal. 
The idea is simple and inexpensive 
(fig. 6). The coax is cut about a foot 
from the TV receiver and two tightly 
coupled 2-inch diameter loops are 
formed. Each coax center conductor 
is soldered to the outer braid and cable 
ties or vinyl tape hold the loops 
together. This comprises an electro¬ 
static shield. The coupling scheme has 
some loss and may make a weak chan¬ 
nel more "fuzzy", but works okay 
when the picture is good to begin with. 

another interesting 
quotation 

Last month I intimated that radio 
hams are well-read, well-rounded in¬ 
dividuals. As of this writing, the July 
column hasn't seen daylight, so I 
haven't received any response to my 
request for identification of a well- 
known quotation. Even so. I'm going 
to try again to see how alert my read¬ 
ers are. I suspect only the old-timers 
will identify the following; the book 
first came out in 1923. It created a sen¬ 
sation and is still a first-rate story (avail¬ 
able in paperback). So, here's the 
quotation, which took the form of a 
telegram. 

STORY TRUE. AWAIT ME 
ALGIERS, (signed) BURROUGHS 

If you know the book and can iden¬ 
tify the situation, drop me a note on 
your QSL to Box 7508, Menlo Park, 
California 94025 and I'll publish the 
calls of the erudite "winners" in this 
column! 

ham radio 


ALL BAND TRAP 

“SLOPER”ANTENNAS! 



FULL COVERAGE! ALL BANDS! AUTOMA¬ 
TIC SELECTION wKhPROVEN Wsnthsrproof 
asalsd Trap* - IS Ga Copparwald Wlral 
GROUND MOUNT 5LOPERS - No Radlala 
naadadl Ground in rad or hoiiia water fauctli 
Connact Top to Traaa, Buildings, Polos, ale at 
ANY angla from Stralghtup to 80 dagraas for 
axealiant "SLOPER” DX Antanna Gain or 

J band It nnywhara you naad tol 2000 Watt 
PEP Input, max. Parmanant or portable Usa 
Installs In 10 mlnutas. SMALL - NEAT - 
„ ALMOST INVISABLE - No ana will know you 

h«va a Ml-Powar OX Antanna. Idaal For COND’Os APART¬ 
MENTS- RESTRICTED AREAS * Pra-tunad for 2-1 or lass 
SWR ovar ALL bands (axoopt 80-160-300kc) No adjust- 
manta naadad - EVER. COMPLETELY ASSEMBLED, with 
80 ft RG-S8U Coax fasdllne and PL 2 89 conn actor'-Built 
In lighting arras to- - rsady to hookup | FULL INSTRUC¬ 
TIONS! 

No. 1080S-80-40-20-15-10—1 trap 49 ft.-*59.95 

No. 1040S — 40-20-10-10 — 1 trap 26 ft.-S58.95 

No. 1020S-20-18-10-1 trap 13 ft.-*57.95 

No. 1018 S-160-80-40-20-18-10 -2 traaa 83 ft. - $89.95 
SEND rULL PRICE FOR PP DEL IN USA (Canada la S5.00 
axtra for poatago ate} or ordor using VISA, MASCARD • 
AMER EXP. Give Numtoar Ex Data. Ph 1-308-238-6333 
wsskdays. Wa ship In 2-3 days (Par Cks 14 daya) Guarantaad 
1 yr - 10 day monay baok trial. 

WESTERN ELECTRONICS 
DapL AH Raamay, Nabraska 5884? 


RF POWER 

TRANSISTORS 


We stock a full line of Motorola & Toshiba 
parts for amateur, marine, and 
business radio servicing 

Partial Listing of Popular Transistors 



2-30 MHz 12V ( 

* 28V) 


PN 

Rating 

Net Ea. Match Pr . 

MRF421 

0 

100W 

$24 00 $53.00 

MRF422' 


150W 

36 00 

78 00 

MRF454. A 

Q 

80W 

14.50 

32 00 

MRF455 A 

Q 

60W 

11.75 

26 50 

MRF492 

Q 

90W 

16 00 

35 00 

SRF2072 

Q 

65W 

12.75 

28.50 

SRF3662 

Q 

now 

24.00 

53 00 

SRF3775 

Q 

75W 

1300 

29 00 

SRF3795 

Q 

90W 

15 50 

34.00 

SRF3800 

0 

100W 

17.50 

38 00 

2SC2290 

Q 

80W 

16.75 

39.50 

2SC2879 

Q 

100W 

22 00 

48.00 

Q Selected High Gain Matched Quads Available 

PARTIAL LISTING OF MISC TRANSISTORS 

BFR96 

$2 75 


MRF966 

2 75 

CD2545 

16 00 


MGF1402 

3 75 

MRF134 

16 00 


NE41137 

2 50 

MRF136 

21.00 


PT9847 

21.00 

MRF137 

24 00 


SD1278-1 

17.75 

MRF138 

35.00 


2N1522 

11.95 

MRF150 

87 50 


2N3553 

2 25 

MRF174 

80 00 


2N3771 

3.50 

MRF208 

11 50 


2N3866 

1.25 

MRF212 

16.00 


2N4048 

11.95 

MRF221 

11.00 


2N4427 

1.25 

MRF224 

13.50 


2N5109 

1 75 

MRF226 

14.50 


2N5179 

1 00 

MRF227 

3 00 


2N5589 

7.25 

MRF237 

2 70 


2N5590 

10.00 

MRF238 

12.50 


2N5591 

13 50 

MRF239 

14 00 


2N5641 

9 50 

MRF240 

15 00 


2N5642 

13.75 

MRF245 

2750 


2N5643 

15 00 

MRF247 

26 00 


2N5945 

10 00 

MRF260 

7 00 


2N5946 

12 00 

MRF262 

8 75 


2N6080 

6.25 

MRF264 

12 50 


2N6081 

8 00 

MRF317 

56.00 


2N6082 

9 50 

MRF406 

12 00 


2N6083 

9 75 

MRF433 

11.00 


2N6084 

11.50 

MRF4S0 

13 50 


2SC730 

1 25 

MRF453 

15 00 


2SC1307 

3 00 

MRF45B 

20.00 


2SC1946.A 

15 00 

MRF475 

300 


2SC1947 

9.75 

MRF476 

2 75 


2SC1969 

3 00 

MRF477 

11.75 


2SC2075 

3 00 

MRF479 

10 00 


2SC2097 

28 00 

MRF485 

6 00 


2SC2166 

3 50 

MRF485 kIP-KEN 

18.00 


2SC2312 

4 95 

MRF492A 

10.75 


2SC2509 

9 00 

MRF497 

14 25 


2SC2630 

28 00 

MRF515 

2 50 


2SC2640 

15.00 

MRF555 

3 00 


2SC2641 

16.00 

MRF607 

2 50 


3N204 

2 00 

MRF630 

4 25 


40582 

7.50 

MRF641 

18 00 


OUTPUT MODULES 

MRF644 

21 00 


SAU4 450 MHz 

55 00 

MRF646 

2500 


SAU17A 903 MHz 

50 GO 

MRF64B 

31.00 


SAV6 158 MHz 

42 50 

MRF66D 

10 75 


SAV7 148 MHz 

42 50 

MRF837 

2.25 


SAV15 222 MHz 

46.00 

MRF846 

43 50 


M57712. M57733 

use 

MRF901 

1 25 


MS7737. SC 1019 

SAV7 

MRF911 

2.00 


SC1027 use SAU4 


Hi-Gain. Matched, and Selected Parts Available 

We stock RF Power transistors for Atlas. KLM, Collins. 
Yaesu. Kenwood. Cubic. Mirage. Motorola. Htathkit, 
Regency. Johnson, (com. Drake. TWC. Wilson. GE. etc. 
Cross-reference on CD. PT. SO. SRF. JO. and 2SC P Ns. 
Quantity Pricing Available Foreign Orders Accepted 
Shipping Handling USA $5.00 COD VISA MC 

Orders received by 1 PM PST shipped UPS same day. 
Next day UPS delivery available 
PARTS OROERS ONLY - NO TECHNICAL 

(800) 854-1927 


OROER LINE andor TECH HELP 

(619) 744-0728 


FAX 619-744-1943 




RF PRRTS 

1T?0 Grand Avenue 
Marcos CA 9?0h‘i 
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High 

Performance 


vhf/uhf preamp/ 




Freq. 



1 dB 



Receive 

Range 

N.F. 

Gain 

Comp. 

Device 


Only 

(MHz) 

(dB) 

(dB) 

(dBm) 

Type 

Price 

P28VD 

28-30 

<1.1 

15 

0 

DGFET 

$29 95 

P50VD 

50-54 

<1.3 

15 

0 

DGFET 

$29 95 

P50VDG 

50-54 

<0.5 

24 

4 12 

GaAsFET 

$7995 

P144VD 

144-148 

<1.5 

15 

0 

DGFET 

$29 96 

P144VDA 

144 148 

<1.0 

15 

0 

DGFET 

$37 95 

P144VDG 

144 148 

<0.5 

24 

4 12 

GaAsFET 

$7995 

P220V0 

220*225 

<18 

15 

0 

DGFET 

$29 95 

P220VDA 

220-225 

<1.2 

15 

0 

DGFET 

$37.95 

P220VDG 

220-225 

< 0.5 

20 

4 12 

GaAsFET 

$79.95 

P432VD 

420450 

<1.8 

15 

— 20 

Bipolar 

$32 95 

P432VDA 

420-450 

<1.1 

17 

-20 

Bipolar 

$4995 

P432VDG 

420450 

<0.5 

16 

4 12 

GaAsFET 

$79.95 

Inline (rl switched) 






SP28VD 

28 30 

<1.2 

15 

0 

DGFET 

$59 95 

SP50VD 

50 54 

<1.4 

15 

0 

DGFET 

$59 95 

SP50VDG 

5054 

<0.55 

24 

4 12 

GaAsFET 

$109.95 

SP144VD 

144-148 

<1.8 

15 

0 

DGFET 

$59 95 

SP144VDA 

144-148 

<1.1 

15 

0 

DGFET 

$67.95 

SP144VDG 

144-148 

<0.55 

24 

4 12 

GaAsFET 

$109 95 

SP220VD 

220-225 

<1.9 

15 

0 

DGFET 

$59.95 

SP220VDA 

220-225 

<1.3 

15 

0 

DGFET 

$67 95 

SP220VDG 

220 225 

<0.55 

20 

4 12 

GaAsFET 

$109.95 

SP432VD 

420 450 

<1.9 

15 

-20 

Bipolar 

$6295 

SP432VDA 

420-450 

<1.2 

17 

-20 

Bipolar 

GaAsFET 

$79.95 

SP432VDG 

420-450 

<0.55 

16 

4 12 

$109.95 


Every preamplifier la precision aligned on ARR'a Hewlett Packard HP8970A7HP346A state-of the art noise figure 
meter RX only preamplifiers are for receive applications only. Inline preamplifiers are rl switched (for use 
with transceivers) and handle 25 watts transmitter power. Mount Inline preamplifiers between transceiver 
and power amplifier for high power applications. Other amateur, commercial and special preamplifiers available 

in the 1 1000 MHz range Please Include $2 shipping In 
U.S. and Canada. Connecticut residents add 7-Vt% 
sales tax. C.O.D. orders add $2. Air mall to foreign coun¬ 
tries add 10%. Order your ARR Rx only or Inline 
preamplifier today and start hearing like never before! 

Research 


Advanced 

Receiver 


Box 1242 • Burlington, CT 06013 


203 582-9409 
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VISA 



ICOM 




kVHf 

COMMUNICATIONS 


INTRODUCING 
W2DRZ VHf/UHl MODULES 
NOW AVAILABLE 

ICOM AEA LARSEN. VAN GORDEN 
VIBROPtFX NYE VIKING, FALCON 
COMM. LEADING EDGE. ARRL PUBLI 
CATIONS. KAGLO. HAMTRONICS 
PROWRITER. ELEPHANT DISKS 
DEBCO TRIONYX 


915 North Main Street 
Jamestown, New York 14701 


PH. (716)664-6345 


NEW! 

The classic “Antenna Bible” 
now in a thoroughly-revised, much-enlarged 
edition 

ANTENNAS 

2nd edition 

by John Kraus, VV8JK 

Ohio State University 

Covers both theory and its applications to practical 
systems Over 1000 illustrations and nearly 600 
worked examples and problems Over 100 new 
topics Complete with design formulas, tables and 
references 

917 pages, hardcover $51 95 
Add $2 50 per book lor shipping and handling U S.. 
$5 00 elsewhere 

CYGNUS-QUASAR BOOKS 
P.O. Bo* X5, Powell, Ohio 43065 
Tel. 614-54*-7895 
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BATTERIES 

Nickel-Cadmium.Alkaline, Lithium. Etc. 

INDUSTRIAL QUALITY 


YOU NEED BATTERIES? 
WE’VE GOT BATTERIES! 

CALL US FOR FREE CATALOG 

/fk E.H.YOST & CO. 

/ \\C\ EVERETT H YOST KB9X1 

^ X \ \ 7344 TETIVA RD 

\.'i\ SAUK CITY Wl 53583 

V> ASK FOR FREE CATALOG 

(608) 643-3194 
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The Finest 432 MHz Yogis 

EME — Ttopo — Weak Signal 

The FO-22 

llECtniCAL SPECIFIC A? IONS 

H rlH«1 

f Plnne f*enmwid!h 2 • t • dey 

M I’lmw* firnmw.riit. ? • 17 deg 

SmIHoNj Htieii«i»|.oo 

Mil I’Une «udeM.l.e I7 5<10 

H| H PI4IM* rt*d4«i*4M» -1*. N lIB 

f'ltraiM) 77rtH 

swn .181 4;>7 439 M *0 

MECHANICAL SPECIFIC At IONS 
L enyih 14 *1 
W.M.I WJfytvM «KI. MPH 
Wi**ft Su»I<ko Amu 78 ttj l| 

Ceii« Conner tn« N type 
Mad iio in I S rtMinelei 
Element imiildlnis U V "v.-M.inl 
W*ck Dvlnn 
SMmk'AA nteel ti.iirtw.iie 

(nernpl plait'd fc*e|MH4 AihI II bdll| 

Ad Mwinlev; opium !o» EO ?? IheeSNHS IWd U tXXtl $10 78 

ALSO AVAILABLE 

The incomparable FO-25 and FO-33 

_ SI ACHING fRAMIS POWCR PWPfffS _ 

We Mi|'|tl» ItKfte lunrt In Imrt p.nh Ini ttw himn Inultlei 
t>’Itin neuil iti h$ 17/100 I’M ted keeiwK $4/11X1 StAMdOM $10/100 
A It! $4j tJPS Ml I in vTiyle in nl AntenM.ix 
$H wi-m ni Mmmvppi 

PA iniKlentA ntfd O' , o ^lidc ink** l.ie 

RUTLAND ARRAYS 

1703 Warren St • New Cumberland. PA 17070 
_(717) 774-5298 7 10 PM EST_ 
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precision high-voltage 

dc regulator 


Convert an 
unregulated high-voltage 
power supply into a regulated 
adjustable voltage source 

I have built a short-circuit proof, RFI resistant, solid- 
state precision regulator that converts an unregulated, 
high-voltage power supply into a stable, adjustable 
voltage source. 

There are three prerequisites this unregulated power 
supply must meet: 

• The minimum, full-load, unregulated voltage (includ¬ 
ing ripple) must exceed the regulated output voltage 
by =45 volts*. 

• The unregulated supply must be capable of provid¬ 
ing the additional 2.2 mA consumed by sampling resis¬ 
tor R 2 (fig. 1). 

• The voltage difference between the unregulated sup¬ 
ply and the regulated output must not exceed the volt¬ 
age capability of the pass element. 

applications 

• Adjustable screen supply for tetrode or pentode class 
AB-1 grid-driven linear amplifiers (using a suitable (- ) 
screen current bleeder resistor). 

• Klystron and traveling wave tube amplifier power 
supplies. 

• Backward wave and klystron oscillator power 
supplies. 

• Plate supply for a linear amplifier. 

• Any requirement for a regulated voltage up to 6 kV. 
1000 amperes or more is possible if enough pass FETs 
and heat sinks are available. 


limitations and design considerations 

The output voltage capability of the regulator is in¬ 
directly set by the maximum voltage dropping capa¬ 
bility of the FET pass element. The voltage difference 
between the unregulated supply and the regulated out¬ 
put voltage is wasted as heat by the pass element. 
Since only a small part of the input voltage appears 
across the pass element, the maximum output volt¬ 
age capability of the regulator is about five to six times 
the maximum output voltage rating for the pass ele¬ 
ment. The Motorola MTM6N6O is rated at 6 amperes, 
600 volts, 150 watts maximum. The highest regulat¬ 
ed voltage with this pass element is about 3 kV. Sim¬ 
ilar FETs with ratings up to 1 kV at 150 watts (before 
thermal derating) per device are available. A 1-kV pass 
element can be used to regulate 6 kV. Current capa¬ 
bility may be increased by paralleling pass elements. 

Paralleling FETs is somewhat easier than parallel¬ 
ing bipolar transistors because the FET's control ele¬ 
ment (gate) consumes no power. Since 0 + 0 = 0, 
two or three FETs use the same driving power as one 
— exclusive of the gate capacitance and charge bleed¬ 
er resistors from the gates to the sources. Driving the 
gate capacitances is a problem. Each gate adds about 
1800 pF. If more than two MTM6N60s are to be par¬ 
alleled, use an NPN emitter follower driver to drive the 
bank of FETs in the pass element. The pass FET source 
leads should have current equalizing resistors as par¬ 
alleled, bipolar transistor emitters do. 

A common reason for paralleling FETs is to obtain 
increased power dissipation instead of more current. 
Although a dissipation rating of 150 watts may look 
good, it is only true at 25 degrees C case temperature. 
One way to keep the case <25 degrees C, while dis¬ 
sipating 150 watts would be to immerse it in circulat¬ 
ing distilled ice water. Because this is impractical, the 
device is derated according to the manufacturer's data 
sheet. An educated guess would be about 50 percent, 


* May be altered by using different values of R 1/ R 2 ,C 6 , and R n . By R.L. Measures, AG6K, phone: 805-482-3034 
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IOW PER kV 
WIREWDUND 
NOTES I, 2 
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o 3 

2N6404 


600V I60A PEAK 

PASS PROTECT CROWBAR 

FIRES AT E IN -E OUT >320V 


IN538I A OR B 


1 OUTPUT CURRENT > 0.31 AMPS CAN BE OBTAINED 
BY ALTERING THESE VALUES. 

2 USUALLY MOUNTED EXTERNAL TO CIRCUIT BOARD 

3 USE NO INSULATING WASHER AND INSULATE 
HEATSINK FROM GROUND 

A Ri.Rio.Rll. ANDR/2 ARE PARASITIC SUPPRESSORS 

5 4LL RESISTORS ARE l/AW UNLESS STATED. R 2 EXCEPTED. 

6 POWER TRANSFORMER PRIMARY MUST BE FUSED 

TOP 

INSULATE I O 
FROM GROUND 


R ll 
20 
2W 
NOTE I 


°2 

MTM6N3S OR 

6N60 

MOTOROLA 



lfT 


NO HEATSINK 
REQUIRED 


•4TF 


GATE 
^—ANODE 



-K- 


NOTE I J“ 
~Wv—•-- 


TO , 

PIN 7/COMMON V" 


cr 2 

IN3B26A 
5.1V/IW 

OPTIONAL PROTECTION FOR 723 
•t 3.99V 


-H- 


l z *2.2mA\ 



OUT (2) 

o, 

V*■ 

12 

NON-INVERTING 

723 


II 

INPUT 

14-PIN DIP PACKAGE 



7.1V 

REF 

Hf INV 

COMP INPUT 

V- 

7 


0.02 
OPTIONAL 
SPECO-UP CAP 



Re 

1.6k 


Lao. 



Re 

2k 


-oc /w>- 


Equt wax * 3.33V EXAM 
0.0022 A 

HIGHER VALUES OF CURRENT 
R 8 ‘3.35V/I 3 


MAY BE USED: 


FOR Eqot MAX " >300V 

JSOO+y 55V a70 
2 0.0022A 


0 05 
600V 
NOTE I 



TOCR 2 


Cj 

; 0 003 0.02 
‘ OISC CERAMIC 


j CIRCUIT 
COMMON 


R 4 ADJUST TO PASS 40 TO 30mA 
(CANBE A 60mA LAMP) 

R 5 IS USED TO MEASURE I 


Imax • 0.3/A 
Emax*3MV 


1 


Ci 

I TO 2/iF 
OIL FIUED 
NOTE 2 


-OUT 


fig 1. Short-circuit proof, high-voltage regulator using a 723 1C and FET pass element. 


or 75 watts per device with a heat sink that keeps the 
FET case below 85 degrees C in a worst-case situation. 

The greatest heat dissipation in the pass element 
usually occurs at about half the maximum current load. 
At full-load current the unregulated input voltage 
usually sags, and there is little remaining voltage drop 
in the pass element. So, even though the current is 
maximum, the pass voltage drop is minimum, and the 
heat dissipation is less than maximum. 

circuit description 

Series-pass regulators work on the principle that 
regulation will be achieved if they can be made to auto¬ 
matically waste the difference between the varying 
unregulated input and the desired regulated output 
voltages. The regulating process is a working exam¬ 
ple of Kirchoff's Law: The sum of all the voltage drops 
(the pass voltage plus the output voltage) are equal 
to the voltage source (the unregulated high-voltage 
power supply). If more voltage is dropped across the 
pass element, less voltage is left over for regulated out¬ 
put. If less is dropped across the pass element, the 
regulated output voltage increases. The missing piece 
is the brain that tells the pass element's gate what 
to do. 


The circuit's brain is a 723 precision regulator in¬ 
tegrated circuit in the upside-down and backward posi¬ 
tive floating regulator configuration. In this regulator 
configuration, the positive output lead is the circuit 
common, or zero reference. The positive floating reg¬ 
ulator uses its own power supply. In this circuit it 
furnishes about + 20 volts at 0.05 A to a 15-volt zener 
to regulate the voltage that runs the 723 and the nega¬ 
tive lead of the 723's supply is connected to (+ ) circuit 
common. 

If the regulator is operated with the negative out¬ 
put terminal grounded, the 723 regulator, its power 
supply/transformer, voltage-adjust pot (R 7 ), and pass 
FET/heat sink will be elevated to the ( + )output vol¬ 
tage. All elements must be property insulated from 
ground. If the output is operated with the positive lead 
grounded, only the heat sink need be insulated. More 
on this later. 

The 723 has a temperature compensated 7.1-volt 
reference, a differential error amplifier, and its own 
pass transistor. Access to the non-inverting and the 
inverting input of the differential error amplifier is 
provided. This gives the circuit designer freedom to 
create unconventional circuits like the positive float¬ 
ing regulator. 723s are sensitive amplifiers with a vol- 
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tage gain of about 1000 and an open-loop current gain 
of about one million. 

High gain is essential if a regulator is to accurately 
sense small deviations in the desired output voltage, 
make the necessary correction at the gate of the pass 
transistor, and maintain precise regulated output vol¬ 
tage. It is a problem to keep the regulator regulating 
and not deregulating by receiving radio signals at the 
same time. External rf energy allowed to enter a criti¬ 
cal terminal on the 723. C 4 , C 5 , and C 7 are rf bypass¬ 
es. Ci and Rto reduce the rf gain of the differential 
amplifier. The input terminals of the differential am¬ 
plifier are rf-isolated by the resistors that deliver the 
dc signals. Radio frequency has a hard time passing 
through high-value resistors. 

Several commercial power supplies ignore the RFI 
problem and let the users figure it out. The 723 gained 
an undeserved bad reputation from those who did not 
understand the nature of rf and the amplifying ability 
of the 723. 

current limiting 

Most regulated supplies include some form of cur¬ 
rent limiting. I left it out of this design because the 
pass FET could not withstand the full, unregulated 
voltage during a short-circuit/zero voltage output con¬ 
dition. A type of current limiting practical here is a 
fuse, or circuit breaker, in the primary of the H V trans¬ 
former. Ordinary 3AG fuses should never be used in 
the secondary circuit of a high-voltage supply if the 
fault voltage is above their 250-volt rating. A 3AG fuse 
acts like an arc lamp instead of a predictable current 
limiter above 250 volts during a fault, before it even¬ 
tually explodes. 

Fuses are cheap, power FETs are not and are very 
unforgiving of too much drain-to-source voltage. A 
crowbar thyristor circuit {Q 2 ) will automatically fire if 
the voltage across the FET is close to the breakdown 
voltage. This protects the FET(s) in this circuit from 
an unregulated voltage too high for a specific regu¬ 
lated output voltage. It takes about 1.5 /xs for Q 2 to 
fire. During this time, the FET is protected by R 3 /C 6 , 
an R/C delay circuit. 

If the pass-protect crowbar fires, the output volt¬ 
age temporarily rises to the same level as that of the 
unregulated supply. The regulated voltage will return 
if the load is removed and excessive voltage is lowered. 
If there is a short across the output, the stored energy 
from the unregulated supply's filter capacitor is dump¬ 
ed into Ri for a few milliseconds, until the primary 
fuse opens. Ri must be a wire-wound power resistor 
because the peak dumping current is about 100 am¬ 
peres.The value of Ri is increased, as the voltage 
capability of the supply is increased, to keep the dump¬ 
ing current around 100 amperes. For a 3-kV power 
supply, Ri should be a 30-ohm/30-watt unit. 


polarity etiquette 

Remember that less positive and more negative are 
interchangable terms, as are less negative and more 
positive. For example: +4 volts is more negative, and 
also less positive, than +5 volts. While -6 volts is 
more positive than - 7 volts, neither voltage is posi¬ 
tive with respect to circuit common. The reference 
“than" is the key. 

N channel, enhancement mode, 
power FET rules 

A more positive (than the source) gate voltage 
makes the FET conduct more heavily. If the gate volt¬ 
age of the FET becomes less positive/more negative, 
the conductance of the FET will decrease (like a triode 
vacuum tube). The gate (control) of a FET resembles 
the grid in a triode vacuum tube, the source (of cur¬ 
rent carriers) is like a cathode, and the drain (of cur¬ 
rent carriers) is like a plate. The big difference between 
the vacuum tube and the FET is that the FET's con¬ 
trol voltage is always positive (usually in the range of 
+ 2 to +4 volts) and the ( + ) gate draws no current 
— unlike a ( + ) grid in a vacuum tube. 

the 723 

The 723 differential error amplifier has two inputs. 
For the DIP package. Pin 5 is the noninverting input; 
pin 4 the inverting input. Pin 6 , the internal 7.1-volt 
reference, is passed through a 2:1 voltage divider 
<R 5 /Re> and the resulting stable 3.55 volts are con¬ 
nected to pin 4, the inverting input. When the system 
is in balance, 3.5503 volts are applied to the nonin¬ 
verting input by an opposing-polarity voltage divider: 
R 7 , Rg, and the output-voltage sampling resistor R 2 . 
R 7 /R 3 connects to the ( + ) 7.1 volt reference and R 2 
connects to the (- ) output terminal. If the output volt¬ 
age is correct the differential error amplifier is bal¬ 
anced, as there is almost no voltage difference 
between the two input terminals. Therefore, the 723 
output is steady and the regulator system is in a state 
of equilibrium. 

Two situations could unbalance the system: too 
much or too little output voltage. Either situation will 
develop if the line voltage or the load current changes. 
A successful regulator must be able to restore balance. 

if there is too much (-) output volt¬ 
age with respect to the ( + ) common 
reference 

It is safe to assume that the pass FET is conducting 
too much. The excessive, more negative/less positive 
output voltage causes more current to flow in R 2 . This 
makes the voltage at the noninverting input more neg¬ 
ative than the constant +3.55 volts on the other in¬ 
put. The difference voltage is amplified and the more 
negative output drives the gate of the pass FET more 
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negative. This reduces the conductance of the FET, 
increasing the FET's voltage drop, leaving less volt¬ 
age for the output and the output voltage decreases 
to the correct level. 

if there is too little (-) output voltage 
with respect to the (+) common 
reference 

It is safe to assume that the pass FET is not con¬ 
ducting as much as it should. 

The insufficient, less negative/more positive volt¬ 
age at the (-) output causes a decrease in current 
through R 2 - This causes the voltage at the noninvert¬ 
ing input to also become less negative/more positive 
than the constant + 3.55 volts on the other input. The 
more positive signal is amplified by 723, driving the 
gate of the pass FET more positive. This increases the 
conductance of the FET and lowers the voltage drop 
across it. Consequently, more voltage is delivered to 
the output and the output voltage increases to the cor¬ 
rect level. 

performance 

I built a 615 to 1000 volt, 0.31-ampere adjustable 
power supply observing the following performance 
parameters. Voltage regulation: <1 volt change, no 
load to full load. Ripple and noise: <150 peak-to-peak 
mV at 200 mA load, with a 0.02 fif speed-up capaci¬ 
tor across 90 percent of R 2 . Without the speed-up ca¬ 
pacitor on R 2 peak-to-peak ripple and noise were < 
500 mV. Line voltage regulation: < 1 volt change for 
± 10 percent line voltage change. These measure¬ 
ments were taken on a Fluke 8022 digital voltmeter 
and a Hewlet-Packard 1706A oscilloscope. 

Changes were made to the regulator circuit and un¬ 
regulated supply to increase the maximum output volt¬ 
age to 1900 volts and, with more modifications, to 
6100 volts. There was similar performance at the in¬ 
creased voltage levels. 

In no case was I able to detect even a one-digit volt¬ 
age change, from no load to full load, on my Fluke 
DVM, with its maximum count of 1999. 

heat sink caveats 

The FET's drain is connected to its case structure. 
If the case is insulated from the heat sink with a proper¬ 
ly installed 1000-volt mica insulating washer, the ther¬ 
mal transfer between the FET and the heat sink will 
be compromised. It's better to fasten the FET case 
directly to the heat sink with a thin coating of thermal 
grease and then insulate it from ground with G10 
Fiberglas™, acrylic, or some other nonhygroscopic 
material. A high-voltage warning label should be 
placed on or near it. (We, at ham radio, do not 
recommend having a heat sink at high voltage. 
If you choose to use this method, provide an 


obvious label and accord the heat sink the same 
"respect" you would any other high-voltage 
component.) 

paralleling FETs 

FETs are fast. They oscillate at VHF — just like 
triode vacuum tubes — unless parasitic suppressor re¬ 
sistors are used at the output and input terminals. Each 
FET in a bank of paralleled pass FETs should have it's 
own gate-to-source, charge bleeder resistor; a drain, 
parasitic suppressor resistor; a gate, parasitic suppres¬ 
sor resistor; and a source current equalizing resistor. 
Mount the suppressor resistors close to the FET(s). 
The resistor values can be juggled considerably to ac¬ 
commodate different current requirements. 

FET selection 

A wide range of power FETs are available from 
Motorola and other manufacturers. For Amateur Radio 
applications, the Motorola MTM3N95 and the 
MTM3N100 are probably the most versatile; a 6-kV 
regulator can be built with either. MTM means it has 
a standard TO-3 case (now called TO-204). The 
numeral 3 stands for 3 amperes; the N means that it 
has an N-type channel, and -) electrons carry the cur¬ 
rent. The letter P would indicate that it had a P-type 
channel and that the current carriers were ( + ) 
"holes," and all polarities are reversed. The number 
to the right of the N or P gives the source to drain, 
maximum voltage rating, less one zero. So, these two 
devices would handle 950 and 1000 volts, respective¬ 
ly. The rated dissipation on a good heat sink is 125 
watts each during a blizzard, or roughly 70 watts 
indoors. 

A good crowbar thyristor (SCR) for protecting a 
1000-volt FET is the Motorola MCR225-12 rated at 
1000 volts, 300 amperes peak, and <2/*s turn-on time. 
The series zener trigger for this crowbar can be made 
from six 150-volt or 160-volt 5-watt zeners. The 
crowbar-thyristor does not need a heat sink. 

resistor R 2 ratings 

Resistors have maximum voltage ratings that take 
precedence over power ratings. Example: A 2-watt, 
5.1-megohm composition resistor requires 3193 volts 
to reach the 2-watt dissipation level. So, although this 
may look like the right choice for a high-voltage sam¬ 
pling resistor, there is a 500-volt maximum rating that 
must be observed at all times. Using Ohm's law: P = 
E z /R; at maximum rating, the "2-watt" resistor should 
only be used to dissipate 0.049 watts. 

Special resistors are available for high voltages. 
They have a metal oxide, spiral deposited film, but are 
expensive and hard to find. The 0.5-watt 1 percent var¬ 
iety metal oxide film resistors are easier to locate and 
have a maximum voltage rating of 350 volts each. You 
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can place as many as you need in series on a perf- 
board. I use 100 k, 0.5 watt, 1 percent resistors in ser¬ 
ies for R 2 . They will stand 2.2 mA or 220 volts per unit 
at 0.5-watt dissipation and cost about eight cents 
apiece in quantities of 100. 

modifications 

If necessary, the regulator circuit can be modified 
to use a different sampling current. However, it prob¬ 
ably should not be reduced below 1 mA. 

construction 

I built the circuit on a piece of perfboard, using a 
wire-wrap 1C socket with the pins bent flat. You can 
also use a pc board if the traces used to carry the ^ 
100 ampere short-circuit current are made of sufficient 
cross section. 

unregulated power supply 
considerations 

Keep in mind that the unregulated voltage needs to 
be only slightly higher than the full-load, regulated vol¬ 
tage. Extra voltage will be wasted as heat, increasing 
the burden on the pass element. A wide range high 
voltage supply should use a multi tapped power trans¬ 
former. 
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ELMER’S 

NOTEBOOK 


Tom McMullari, W1SL 


propagation basics 

One of the great mysteries to most 
Amateur Radio newcomers is how DX 
signals get from place to place around 
the globe. To a casual or uninformed 
listener, there is no apparent reason for 
some bands to be "dead" while others 
are booming with activity. And why 
does a band full of very strong signals 
fade out suddenly sometimes, but at 
other times slowly and incompletely? 

There are reasons for this behavior, 
and an experienced Amateur soon 
learns to take advantage of the mechan¬ 
ism that provides a path to that distant 
station. 

It all has to do with the ionosphere — 
that layer of gases that makes up the 
atmosphere we live, breathe, andflyin. 
Under the influence of radiation from 
the sun, this shell that protects life on 
earth takes on some strange properties 
that provide life on our Amateur bands. 

layer after layer 

Fortunately for us, the entire 
atmosphere does not react in the same 
way to solar radiation. There are 
"layers" of reaction at well-defined 
heights above ground; these layers 
change their characteristics daily and 
seasonally. Normal ultraviolet radiation 
from the sun causes most of the action, 
with help from periodic outbursts of 
radiation like Extreme Ultraviolet (EUV) 
and X-rays, and both high- and low- 
energy particles. 

When ultraviolet and other solar radi¬ 
ation reaches the atmosphere, it reacts 
with the air molecules in such a way that 


they become "ionized". Some elec¬ 
trons are knocked loose from their par¬ 
ent atoms, and some molecules gain an 
extra electron or two. The result is a 
layer of particles that have an electrical 
charge, either positive or negative. 
Such a layer reacts with radio waves as 
they travel upward from the surface. 
Layers of different densities occur at 
different levels in the atmosphere. The 
lowest layer, approximately 45 to 55 
miles above the surface, is called the 
"D" layer. There is also an "E" layer at 
about65 to75 miles high. Ithasawan- 
dering cousin called "sporadic E" that 
creates some interesting conditions. 
(More about this one later.) 


Things get more active at heights of 
90 to 250 miles. There are two layers up 
there, called "FI" and "F2." These have 
an unusual property in that they are 
separate, distinct layers during the day¬ 
light hours, but combine after sunset to 
form just one "F" layer. Figure 1 shows 
these layers as they might appear dur¬ 
ing a normal daylight period. 

the D layer 

This lowest layer is not really of much 
use to Amateurs. In fact, it usually 
works against our desire to QSO on the 
lower frequency bands (1.8, 3.5, and 
sometimes 7 MHz) by absorbing the 
waves as they travel outward from the 



fig. 1. The atmosphere contains layers of ionized atoms at various heights above ground. 
These layers, O, E, FI, and F2 bend radio waves back to earth. The density of ioniza¬ 
tion determines the frequencies that are usable; the height determines the distance 
to the first (and subsequent) point of return to earth. At night the D layer disappears, 
and FI and F2 combine to become one F layer. 
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antenna. The density of the D layer is 
such that wavelengths below a certain 
frequency (called the LUF, or Lowest 
Usable Frequency) are simply 
absorbed on the way through. Talk 
about a big dummy load! The D layer 
dissipates after sunset. 

You can hear the effects of this dissi¬ 
pation on the AM broadcast band. 
Throughout the day, only nearby sta¬ 
tions can be heard. But not long after 
sunset, DX starts to come in at ever 
increasing distances until you can often 
tune in stations half a continent away. 
That's why so many AM broadcast sta¬ 
tions have to sign off at sunset — they 
would create unbelievable QRM when 
the D layer dissipates and allows better 
propagation. The same change takes 
place on the 1.8,3.5, and 7 MHz bands; 
the distances that can be worked on 3.5 
and 7 can span the globe. Of course, our 
high-flying friend, the F layer, is what 
provides all this DX on these lower 
bands at night. 

the F layer(s) 

No one is exactly sure why there are 
two F layers, but they definitely exist. 
Layer height and density are determined 
by sending a radio-frequency pulse 
straight up and recording the reflections 
as they return; the instrument used is 
called an ionosonde. Not only does this 
locate the height of the layers, but it can 
determine the point at which nothing is 
reflected when the radio frequency of 
the pulse is varied. This is the Maximum 
Usable Frequency (MUF). Frequencies 
higher than this will just keep going out 
into space, and those between the LU F 
and MUF will be bent (refracted) so that 
they return to earth. 

The FI layer seems to have very little 
to do — just a small amount of refract¬ 
ing except in times of very high solar 
activity. The F2 layer provides the bend¬ 
ing that creates most of the DX open¬ 
ings during the day and most of the 
night. The density of the F2 layer is 
directly affected by the sun's activity, 
and can provide DX signals that vary 
from being just readable to pinning the 
S-meter. The higher the activity, the 
higher the MUF will be. This means that 
during periods of high solar activity the 


MUF will often climb up beyond 30 
MHz, even reaching above 50 MHz in 
very good years. We are just starting a 
period of increasing activity, so get 
ready now for some spectacular open¬ 
ings on 28 MHz during the next 4 or 5 
years. Peaks of activity can't be pinned 
down precisely, but the peak for this 
cycle should occur in the early 1990s. 
After that, there will be a gradual decline 
to the next minimum. The cycle from 
high to high (and low to low) runs 
approximately 11 years. 

E and sporadic E 

This layer was once called the 
"Kennely-Heaviside layer" after some 
early investigators who theorized about 
its properties. It provides relatively 
short-hop propagation by bending sig¬ 
nals back to a point 600 to 1200 miles 
away. 

Its cousin, "sporadic E" (E s ), is not 
consistent enough to provide much 
excitement on the Amateur bands 
below 21 MHz. Its effects would be 
masked by F-layer reflection and by 
noise levels. The E s layer begins to be 
evident above 28 M Hz when it is active; 
at 50 and 144 MHz the activity can pro¬ 
vide amazingly strong signal paths. E s 
signals have often been heard as high as 
220 MHz, but it was not until early 1988 
that two-way contact was made via this 
medium at 220 MHz. 

The theory of E s propagation that 
seems to fit is that it is a "cloud" or 
"patch" of ionization that wanders 
erratically about at heights of 65 to 75 
miles. The most common locations for 
these clouds in the United States seem 
to be the southeastern part of the coun¬ 
try. They often start near the Gulf coast 
in Louisiana or Mississippi, and travel 
northward toward Arkansas and Mis¬ 
souri. In some instances, a second cloud 
appears over the southwest. When this 
happens, VHF enthusiasts can exper¬ 
ience the thrill of "double-hop" DX, 
with contacts possible out to 2,000 miles 
or more. 

These E s clouds have appeared far¬ 
ther east and north as well, and there are 
reports of European E s propagation on 
144MHz. Signals can be very loud and 
stay with you for several minutes, or 


SAVE 

TIME 

and 


with 
THE 
HAZER 

Bring things down for 
safety and convenience. 

Never climb your lower again with this elevator system An 
tennas and rotator mount on HAZER. complete system trams 
tower tn vertical upright position Safety lock system op¬ 
erates while raising or lowering Never can tall 

Complete kit includes winch tOO tt o> cable hardware and 
instructions For Rohn 20 end 25 G Towers 

Merer 2-Heavy duly alum 12 sq ft load 1297 00 ppd 

H*z«r 3-Standard alum 8 sq ft load 1213 00 ppd 

Haxer 4 Heavy galv steel 16 sg It load 1278.00 ppd 

NEW lor ROHN 45 and 55 Towers 

Harer 8-Heavy duty galv steel 16 sq ti load CALL 

Ball Thrust Bearing TB 2Sforany ol above 164.SO ppd 

Send lor tree details ot aluminum towers specifically 
engineered lor use with the Merer Two sires; M-13(13' wide) 
and M 11(11 wide). All boiledconstrucllon.no welds Easy to 
install hinge base, walk up erection. Complete lower UPS or 
air freight thippabie Pre assembled or kit form 
Satisfaction guaranteed Call today and charge lo Visa. 
MasterCard or mall check or money order 


GLEN MARTIN ENGINEERING INC. 
Rte 3, Box 322 
Boonville, MO 65233 
(816)882-2734 FAX 816-862-7200 
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Check the advantages to you, the 
DX’er, by using one or more of our 
Network Series 1000 Ringrotors: 

Now possible: 1 tower - Multiple 
rotating antennae 
Yet retain - Individual rotation 
1 - Beam ring construction lor strength 
24VDC gearmotor • steel gear drive for 
power 

1 degree position feedback for accuracy 
Lower rotor position on tower for fewer 
lightning strikes 
/ A serious product for serious users. 


YOU MAY ORDER NOW BY CALLING 

TIC General 

P.O. Box 1, 302 E. 3rd 
Thief River Falls, MN S6701 
Phone: Toll-free 1-800-423-6417 
or 218-681-1291 
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uicKit G5RV, Loop, & Dipole Kits 

jy 


Fast & Em y to Build 

• Everything included 

• PaiiMfe via ml mAiuctom 

• No meuuriiig / cutting 

• Finish snlAtTWML in nri flutes 

Quality Components 

• Presoldered Amphenol PL259 

• Kinkptoaf Supcrflex wire 

• Fully insult tod, wx waled, 
no-coiroda, low noiae design 

Fastest Antennas in the West 1 
Antennaswest 


• Pull Si® G5RV 
dipole coverage 80-10 

-Half Size 05EV $24.95 

dipole coverage 40-10 

• Quarter Size 05RV $19.95 

dipcie coverage 20-10 

• Marcom Adaptor kit $ 4.95 

• Antsroa Launcher kit $14.95 

• 20(7 Dacron 250# lu» $11.95 

• Loops, dipoles, feedlines, etc. 
Add $5 Shipping A Handling 
Catalog SI by lat claxi mail 


(801) 373-8425 Dept H, Provo, UT 84603-1144 
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AMATEUR RADIO MAIL LISTS 

Self-stick 1 x3 labels 

*** NEWLY LICENCED HAMS *** 
*** ALL NEW UPGRADES *** 
*** UPDATED EACH WEEK *** 

Total List = 462,728 (ZIP sorted] 
Price is 2.5 cents each (4-up Cheshire) 

BUCKMASTER PUBLISHING 
Mineral, Virginia 23117 
703-894-5777 
s 800-282-5628 
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TELL YOUR FRIENDS 

about 

ham 

radio 



fig. 2. Ionized layers bend radio waves back to earth at distances depending on their 
height. Waves reflected from the ground can re-enter the atmosphere to be returned 
again for multiple-hop DX paths. 


they can disappear in the middle of a 
QSO. In E s QSOs it's wise to trade vital 
information first (QTH, signal strength, 
name, etc.), then chat about other 
things before thesignal drops out. The 
points of reflection seem to move 
rapidly, and this creates somewhat of a 
contest atmosphere for the VH F enthu¬ 
siast. The game is to see how many sta¬ 
tions you can work before the cloud dis¬ 
sipates. 

short path, long path 

Another quirk of the F2 layer is its abil¬ 
ity to fool us by not taking the shortest 
path between two points. Stations that 
are 6,000 miles apart, for instance, can 
sometimes work each other by pointing 
their antennas in the opposite direction 
for a path length of 18,000 miles. This 
happens because the amount of ioniza¬ 
tion can sometimes be greater in that 
direction than over the shorter path, or 
the short path may be noisy or have high 
absorption. Follow this procedure: if 
you feel that a path should be open but 
you're not hearing anything in that 
direction, turnyourantennaaround 180 
degrees and try the other way. It often 
works surprisingly well. 

multihop propagation 

It doesn't take a great mathematician 
to figure out that a layer only 170 to 250 
miles high can't reflect a radio wave to 
a point on the other side of the globe. In 
order to be line-of-sig ht at both ends of 


the path, the layer would have to be 
almost as high as the moon. As things 
work out, the radio energy returned to 
earth from the F2 (or other) layer strikes 
the ground and is reflected skyward 
again, to be bent back to reach the 
ground a second time or more (see fig. 
2). Each time it does this, some signal 
strength is lost, but there's usually 
enough left for a solid QSO. 

"Backscatter" is another interesting 
happening. In this mode, a signal strikes 
the ground at the end of the first hop, 
and enough of it is scattered back in the 
same direction to produce a signal near 
the starting point. On 28 MHz, for exam¬ 
ple, you might hear a station 100 or so 
miles away when you are both trying to 
work stations to the west, but if you turn 
your beam in his direction, you don't 
hearthe signal. Backscatter signals are 
usually not very strong, but QSOs have 
been made this way. Sometimes this is 
the only way to get nearby contacts for 
a Worked All States (WAS) certificate. 

the "greyline" 

A mode that many Amateurs are 
learning to appreciate is the "greyline 
DX path." This is a band of good propa¬ 
gation that follows the twilight zone 
around the world. If you are in the 
twilight area just after sunset, chances 
are very good that you can work some¬ 
one who is in a similar zone just before 
sunrise at his location. The opposite is 
also true — as long asbothofyouarein 
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•FM EXCITERS: C ±A 

Kits$99.W/t$ 179. 2W 

continuous duty. TCXO & ^«K,^JPB/ 

xtal oven options available. . '7'?^ y “’A, iu •'Sm? 

•TA51 for 16M, 6M. 2M, j 

156-174, 22* MHz. {Vjfa - Ur'4/^ W 

•TA451 for uhf. - 

FCC type accepted for commercial bands. "*- '-J 

•Call for latest information on 900 MHz transmitters. 

•VHF & UHF AMPLIFIERS. For FM, SSB, ATV. Output from 10 
to 50 Watts. Several models, kits starting at $79. 


•R144/R226FM RECEIVERS for 2M. j 

150 174.or220MHz. GaAsFET JfgI 

front end. 0.12uV sensitivity! /wflrVujirafir^r/g J 

Both crystal & ceramic JjMSmR ykj/w VJyy/ 

filters plus helical resonator ijiffirtfi 

front end for exceptional 

selectivity: > 100dB at ± 12kHz / 

(best available anywhere)! S*/ A 

Flutter-proof squelch. AFC tracks t jfcjvp vjf 

drifting transmitters. if tjE—£_/ 

Kit $149, w/t $229. u 

•R451 UHF FM RCVR. Similar to above. Tuned line front end. 
0.25uV sens. (0.1 uV with optional hel. res. preamp). Kit $149, 
w/t $229. 

•R901 FM RCVR FOR 966 MHZ. Triple-conversion. GaAs FET front 
end. 0.2uV sens. Kit $169. w/t $259. 

•R76 ECONOMY VHF FM RCVR for 10M. 6M. 2M. 220 Without hel 
res or afc. Kits only $ 129. 

•Weather satellite & AM Aircraft receivers also avail. 


•COR-3 Kit Control ckts and 
audio mixers needed to make a 
repeater. Tail & time-out timers, 
local spkr ampl. courtesy beep 
$49 

•CWID Kit. Field programmable, 
timers, the works $59 

•TD-2 DTMF DECODER/ 
CONTROLLER Kit. Full 16 digits, 
switches 5 functions, toll call 
restrictor, programmable, much 
more Great for selective calling 
too! $79 

•AP-3 AUTOPATCH Kit Use 
with above for repeater auto¬ 
patch Reverse patch and phone 
line remote control std $79 
•AP-2 SIMPLEX AUTOPATCH 
TIMING BOARD Kit Use with 
above for simplex autopatch 
$39 

•MO-202 FSK DATA 
MODULATOR Kit. Run up to 
1200 baud digital signals 
through any fm transmitter with 
full handshakes Radio link 
computers, telemetry gear, 
etc $39 

•DE-202 FSK DATA 
DEMODULATOR Kit for rcvr end 
of link $39 


FEATURES: 1 

• SENSITIVITY SECOND TO NONE! GaAsFET front end on vhf 

models gives 12dB SINAD of 0.12uV (vhf). 0.15uV (220). UHF model 
0 25uV std, 0. luV with optional helical resonator preamp. 
•SELECTIVITY THAT CAN'T BE BEAT! Both 8-pole xtal filter & 
ceramic filter for > lMdB at only ± 12kHz. Helical resonator front 
end to combat desense & intermod. 

•CLEAN. STABLE TRANSMITTER, up to 18W output standard; 50W 
with accessory power amplifier. 

•FCC TYPE ACCEPTED for commercial high band and uhf. 

•Courtesy beep, field-programmable CWID, flutter-proof squelch, 
automatic frequency control to compensate for off-frequency trans¬ 
mitters (all standard features). 

•Full range of options available, such as autopatch, phone line or 
radio remote control, sub-audible tones, duplexers. 


THE MOST AFFORDABLE 

REPEATER 

ALSO HAS THE MOST IMPRESSIVE 

PERFORMANCE FEATURES 

(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!) 


GaAs FET PREAMPS 

at a fraction of the cost 
comparable units! 




LNG -(*) 

GaAs FET / 
PREAMP 


HIGH-SPEED 
DIGITAL RF 
LINKS 


ONLY $59! ' 

Wired/tested 

FEATURES: 

•Very Low Noise: 19 7dB VHF. 0 8dB UHt 
•High Gain: 13-20dB. depending on frequency 
•Wide Dynamic Range: to resist overload 
•Stable: new type dual gale GaAs FET 

* Specify tuning range desired 26 30. 46 56. 
137 150. 150 172. 210 230. 400 470 Of 
800 960 MHz 


You've waited a long time for a 
simple, reliable, low-cost 9600 
baud PACKET NETWORKING 
system. Now you've got it! Our 
new MO 96 MODEM and direct 
FSK Transmitters and Receivers 
tor 220 or 440 MHz interface 
directly with most TNC's. Fast 
diode switched PA's output 15 
or 50W Call for complete Info 
on the right system for your 
application. 




HIGH PERFORMANCE TRANSMITTERS 
& RECEIVERS FOR REPEATERS 
AUDIO & DIGITAL LINKS, TELEMETRY, ETC. 


LNW -(*) 

4|yp^® MINIATURE 
GaAsFET 
PREAMP 

0NLY$24/kit, 
$39 Wired/tested 

GaAsFET Preamp 

similar to LNG. except designed lor low cost 
A small size Only 5/8"Wx 1 5/8"l x 3/4'H 
Easily mounts in many radios. 

• Specify tuning tenge deseed 2535. 35-55. 
55 90 90 120. 120 150. 150 200. 200-270. 
Of -100 500 MW 


FCC TYPE-ACCEPTED TRANSMITTERS A RECEIVERS AVAILABLE 
FOR HIGH BAND AND UHF. CALL FOR DETAILS. 


LNS-(*) 

IN-LINE f 
PREAMP .£> . ' : 

ONLY $79/klt, 

$99 Wired/tested 

GaAs FET Preamp with features similar to LNG 
series, except automatically switches out of 
line during transmit. Use with base or mobile 
Iransceivers up to 25W 

•Speedy tuning range desired 120 175. 
200 240 or 400 500 MHz 


HELICAL RESONATOR 
PREAMPS 


Low noise preamps with helical resonators 

reduce Intermod & cross-band interference in 

critical applications 

MODEL HRA-C), $49 vht, $84 uht 

•S pectfy tuning range desired 143-150. 150 
158. 158 162. 162 174. 213 233. 420 450. 
450 465 or 465 4 75 MHz 


RECEIVING 

CONVERTERS 


VHF 

MODELS 
Kit with Cav 
Kit »t*$ Case 
Wired mlctit 


144 146 26 JO 

146 147 26 10 

$59 146 146 26 X> 

230 223 26 JO 

220 224 SOM 

$89 232 33* 26 JO 


UHF MODELS 4W4M 

KilWlthCatf $69 4JJ4M, 144 146 
Nit 1*4$ Caw $49 413 4J6 $0 54 

Wired i*/cAS« $99 /f” 


INK 6t 24 
902 926 422 446 

902*22 4 JO 440 


See catalog for lull hoe of 2* transmitting 
converters tor vhf & uhf Hits onty $79 
Linear Amplifiers avail up to 50 w 


• Send $1 for 36 page catalog by return mail. 

(Send $2.00 or 4 IRC'* for overseas mailing) 

•Order by phone or mail • Min $3 S & H per order 
•Use Visa, Mastercard, Check, or UPS COD. 


i 25th Anniversary 


hamlronics, me. 

65-HMOUL ROAD‘HILTON Nf 14468-9535 
Phono * 716*392*9430 Hsmt r otM e t B lt « rpg laterod trm d o m mr h 












nSCAR 


•Coming soon to a shack near you. 

• Signals from space. 

• Catch some free 
• We know how. 

• You can tool 

•Join AMSAT 

•Free brochure for SASE 


AMSAT 

PO BOX 27 

WASHINGTON, DC 20044 


K- 119 


^ CADDELL ^ 
"2* COIL CORP. 


35 Main Street 
Ponltney, VT 05764 
802-287-4055 


BALUNS 

Get POWER to your antenna' Our Baiuns are 
already wound and ready for installation in your 
transmatch or you may enclose them in a 
weatherproof box and connect them directly at 
the antenna They are designed tor 3^30 MHz op¬ 
eration (See ARRL Handbook pages 19 9 or 
&20 for construction details ) 


100 Wad (4 1. • 1.0.1,0f 1.1 lmp»4wnr« -mik| on«| 110 50 

Um»•**•< Trantmalcti i KW (4 1 lmp*0«nc*) 14 50 

UrWv«r»ai tranamatcti 7 KW(4 1 17 00 

UAtv*fM< TranamalcM KW(« 1 • 1 or 1 i-Ml*clon«) i« 00 

UntvarMl Tianamolcti 2 KW (ft 1.0 1 or 1 1-Ml«cton«| 1150 


Please send large SASE lor info 



ELIMINATES RF INTERFERENCE IN: TV sets. 
Radios, HI-FI, PA systems, Telephone*, VCRs, Test 
equipment. Burglar ami Fire alarms. Modems, Monitors, 
Computers, Radio and TV stations, etc. 

EASY TO USE: fits over and snaps onto small, large and 
ribbon cables. No need to rewire connectors. Unique, 
split ferrite core design fits up to RG8U coax cables. 
WORKS IN "COMMON MODE*, filters current in 
duccd in the braid of shielded cables and ground wires! 
Special Cerrtle material effective OJ • 200 MHz. 
DOES NOT VOID EQUIPMENT WARRANTY 
Availablefrom your dealer 
or order direct from. 

computeradio 

Box 282, Pine Brook, NJ 07058 
Tel: (201) 227-0712 
Send personal check with order, we ship same day First 
Class- 30-day money bock warranty. Quantity discounts 


this "edge-of-night" area, a good path 
can exist in between. At the spring and 
fall equinoxes the path will be directly 
over the poles; at other times the path 
will be off several degrees from north or 
south because of the earth’s tilt. Propa¬ 
gation is possible because there is still 
enough F-layer activity to bend the sig¬ 
nals, but the D layer has not built up 
enough to absorb them. There are com¬ 
puter programs that help find locations 
in the greyline at different times of year. 

There are many other modes of prop¬ 
agation that help us make QSOs on var¬ 
ious frequencies and at varying dis¬ 
tances. Those I’ve outlined are 
responsible for 99 percent of all DX 
QSOs. Many articles and books have 
been written about the ionosphere and 
its effects on radio propagation, and 
some are fascinating reading. A serious 
DXer will learn ail he can about this tool 
and use it for greater achievements. The 
rest of us can simply listen and learn to 
be at the right frequency at the right time 
by developing our own feel for open¬ 
ings. The column by Garth Stone- 
hocker, K0RYW, in this magazine is a 
great help. Also, you can learn to 
eavesdrop on the sun's activity by tun¬ 
ing in WWV and using their sunspot 
and solar activity information. 

However you go about it, DXing is 
great fun (and often contagious). Enjoy! 

ham radio 


KSBP' NO TUNERS! 

NO RADIALS! 
^ NO RESISTORS! 

NO COMPROMISE! 
THREE EXCELLENT REVIEWS |UST 
DON'T HAPPEN BY CHANCE. 
CALL US FOR A FREE CATALOGUE. 

•See review in Oci 73, 1984 
"Sepf 73 1985 "March 7.?. 198<» 

NEW LOCATION! 
BILAL COMPANY 
00 137 Manchester Dr. 

Florissant, Colo. 80816 
(719) 687-0650 


August 1988 


Package o< 4 chokes 
wKh Inst Instructions 

$12.99 
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POWER DIVIDERS 


Electronics Supply 


3621 FANNIN 
HOUSTON. TEXAS 77004 


CALL FOR ORDERS 
1 (800)231-3057 

1-713-520-7300 OR 1-713-520-0550 
TEXAS ORDERS CALL COLLECT 
FAX 1-713-771-7759 
ALL ITEMS ARE GUARANTEED OR 
SALES PRICE REFUNDED 

New Icom 1C 781 Traoei. warned 

Kenwood TH215A TH25AT Trade myour old HT 

New Kenwood TM 621A 144/220 MHz FM Call 


R-7000 Widespan Panadaptor 


Panadaptor especially designed 
for the R-7000 receiver. For use 
with a standard scope. Variable 
span width from 1 to 10 Mhz. 
Uncover unknown elusive signals. 
Complete with all cobles. & 90 day 
warranty. $349.95 Shipped. Pa. 
res. add 6%. 

GTI Electronics 

RD 1 BOX 272 
Lehighton, Pa. 18235 
717-386-4032 


LOW BAND DX-ING 
COMPUTER PROGRAMS 
by John Devoldere, ON4UN, tor 
Apple lle/c, MS-DOS, Commodore 
C-128 Apple Macintosh and Kaypro 
CPM Computers 

Here's a collection ol 30 super programs 
written by ON4UN Just about every interest 
or need is covered—Irom antenna design 
and optimization to general operating pro¬ 
grams Antenna programs include shunt 
and series input L network design feedlme 
transformer, shunt network design. SWR 
calculation, plus 11 morel General Ham pro¬ 
grams include sunrise/sunset great circle 
distances, graylme, vertical antenna design 
program, sunrise calendar plus 9 more' 
Phew When you sit down to use these pro¬ 
grams you'll be amazed at what you have 
The best value in computer software avail¬ 
able today 1986 

UN- Apple lle/llc $39.95 ea 

□ UN-MS (MS-DOS) S39.95 ea 

QUN-CPM/Kaypro $39.95 ea. 

□ UN-C-128 (COMMODORE) $39 95 ea. 

UN-MAC (MACINTOSH) $49.95 


Call lut trade 


Kenwood IS 140S 


New Kenwood TM 22 1 A 45W mobile 
ICOM 28H/T7M 


Call 

41000 


RF UOAvr U'v‘de'* provide* the 
Dus' way to *eed m ph#i« 2 end * 
«nl0un« «rr«y* to manmil* *y* 1 em 
y«ir. and at the same i.m® reduce 
>o**e* to a m.nimum Covering 144 
thru 1296 MM/ thi* *e« es at VHF 
UMF power divider* *r« premier RF 
device* da*>gnod tor a long *ervice 
Me with low SWR and broad op¬ 
erating bandwidth 
Eat'uded aluminum body with a 
du'abte enamel fm«*h in addilion to 
vhr.on %eaung at connector Manges 
>«*uiu in a ruggedi/ed unit tor ail 
array installation* Available with 
N type connector* only tne*e 
unit* are unconditionally guaran¬ 
teed tor 2 yea'* 


loom 761 2300 00 

Shure444D 56 96 

HEIL BMIOBoomMrke wteUBp'R 69 00 

MEIL HM5 Desk Mike 59 00 

Cushcratt 124 WB (146 MH/) 33 00 

Butternut HF6V 80 10 vertical 125 00 

Hustler G7 144 129 00 

Larsen 2 meter on glass 49 95 

Antoco 2M S'fl Mag Mount Comp 25 00 

Van Gordon G5RV 44 00 

Valor AB5 moWe 79 00 

I housands of panel meters 3 95 up CALL 

Aerovo* 1000 pf/500 V teedtnrougn caps t 95 

Transformer 120 VPn 1050V(1A (Set #18 Wire) 50 00 
100 mtcL450V Axial Cap 2 20 

831SP PL259 Silverptate (Amphenol) 1 25 

82 61 N Mate (Amphenol) 3 00 

Double Female UHF 1 00 

UG176RG8X each 30 

GE6146B 14 95 

3-S00Z 140 00 

GE12BY7A 7 00 

6MJ6 12 95 

6KD6 12 95 

Cetron 572B 88 00 

6JB6A 9 95 

8950 18 00 

USED EQUIPMENT 

All equipment used clean with 90 day warranty and 30 
day trial S»* months lull trade against new equipment Sale 
pi tee refunded if not satisfied 

Call for latest used gear 
(800)231 3057 

GNU PROD 

IE Systems 2m Amp 30 160 watts GaAs fet S229 00 

POLICIES 

Minimum order $10 00 Mastercard VISA or C O D Ail prices 
FOB Houston except as rimed Pr-ces subject to change w*hou1 
notce Hems subject to prtjr sate Call anytime to check the status 
of your order Texas residents add sales tax All items full fac 
lory warranty plus Madison warranty 
Bird and Belden products in stock. Call today. 


PRICE 

$54 00 
$61 00 
$53 00 
$60 00 
$5t 00 
$59 00 
$51 00 
$59 00 
$52 00 
$60 00 


CONFIG 

|2 port*i 
(4 pon*i 
(2 port*) 
,4 port*) 
(2 ports) 
(4 port*) 
)2 porttl 
(4 port*) 
|2 portsi 
(4 port*) 


MODEL 
144 2P 
144 4P 
220 2P 

220-4P 
430 2P 
430 4P 
902 2 P 
902 4P 
1296 2P 
1296 4P 


LOW BAND DXTNG 
by John Devoldere ON4UN 

Now Availablel The new, 2nd edition ol the 
definitive book on Low Band DXing Based 
upon years ol practical on-lhe-air 
experience, learn the secrels ol how 
ON4UN has been so successful on the low 
bands Extensive coverage is given to trans¬ 
mit and receive antennas with clear concise 
explanations and plenty of illustrations— 
dipoles, inverted Vs. slopers. phased arrays 
and Beverages—they're all in this book 
Also covered propagation, transmitters, 
receivers, operating, software and an exten 
sive low Band bibliography Going to be a 
best seller' Gel yours today t987 2nd 
Edition 200 pages 

AR-UN So It bound $9 95 

BUY’EM BOTH 
SPECIAL OFFER 

Book & Software Reg. $49 90 
($59 90 for Mac) 

Just $44.90 ($54.90 for Mac) 
CUN-SO (specify computer) S44.90 
CUN-MSO Macintosh Special SS4.90 


SHIPP'NG NOT INCLUDF0 


STRIDSBERG ENGINEERING. CO. 

PO Bo* >*973 • Shreveport LA 7 1107 • USA 
Phone (310)865-0523 


Generate 
l Your Own 
Electricity 


H undreds ol f 
satisfied owners 

are now using the WINDS'REAM® WIND 
GENERATOR lo provide powei lot RVs weekend 
collages boats workshops 'emoie locations emer¬ 
gency back up power and much more 
Portable weighs o«y 20 lbs easily installed with om 
comprehensrte installation manual minimum mainten 
ance lull warranty 

Thermal Corporation H 124 

P.0. Box 3128. Burlington. VT 05401-3128 


Please enclose $3 50 shipping & handling 

ham radio BOOKSTORE 

GREENVILLE. NH 03048 6 03 - 87 $ 1441 
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DX FORECASTER 

Garth Stanahockar, K0RYW 


summer signal levels 

With the summer sunshine and 

warmer weather comes the annual 
decrease in signals levels. 

Signal strength is lost as its energy 
travels away from the transmitter. The 
largest loss is called free space loss, 
and it decreases all signals with dis¬ 
tance. The amount of additional loss 
depends on the transmission mode 
and signal origin conditions. Examples 
of modes are: groundwave, line of 
sight, and skywave. Two originating 
conditions are launch angle and polar¬ 
ization of the launch from the antenna. 
For hf skywave propagation the losses 
of the ionospheric transit, its reflection, 
and the ground reflection in between 
hops must be included. 

Most ionospheric loss comes from 
signal energy colliding with ions on its 
path through the D region, 60-80 miles 
(100-120 km) above the earth. The 
level of energy absorbed per transit of 
the D region depends on the location 
of the sun and is a function of cosine 
X, the zenith angle to the sun. Maxi¬ 
mum absorption occurs at the subso¬ 
lar point, directly under the sun; 
absorption decreases as the signal 
path moves away from the subsolar 
point in any direction. It is the next lar¬ 
gest signal loss — 10 to 30 dB between 
night and day on midlatitude one-hop 
paths. Seasonal absorption in the D 
region increases as the sun's subsolar 
point moves to 23 degrees north for 
the United States' summer. This 
seasonal loss can amount to 18 dB 
more in summer than winter for mid¬ 
latitude single hops. Absorption in the 
D region changes about 8 dB for a 
one-hop midlatitude path between 
sunspot numbers 20 and 120 during 
the 11-year sunspot cycle. It is rising 
fast this year. 

The statistics above are given for the 


one-hop path as it is the easiest in 
which to see changes. When the sig¬ 
nal travels three or more hops, the 
changes get blurred between them. 
There is more absorption with a larger 
number of hops, but the effect of 
absorption per hop is not linearly addi¬ 
tive. Multiple hops cross into the night 
for the winter hemisphere, blurring 
additional losses. Ground reflections 
between hops are also lossy; loss 
varies with ground roughness and con¬ 
ductivity. On the average this loss is 
around 5 dB. All together, the losses 
amount to 120 dB of signal loss of 
transmitted power when received on 
summer days. Absorption is inversely 
proportional to frequency. However, 
this frequency dependency is hard to 
assess because as the frequency 
changes so does the extent of layer 
penetration. As a rough estimate, 10- 
MHz signals tend to incur twice as 
much signal absorption as 20-MHz sig¬ 
nals. 

What can DXers do to enhance their 
effectiveness during summertime 
operations? Review the chart on the 
next page for the highest band availa¬ 
ble to the DX area you wish to con¬ 
tact. Operate during the evening, tak¬ 
ing advantage of its lower absorption, 
but before the maximum usable fre¬ 
quency drops off. Make sure your 
antenna radiates substantial energy at 
that low TOA for the best chance of 
contacting the desired DX station. 
Keep up on current conditions (in 
terms of signal absorption and varia¬ 
bility, QSB) by listening to radio sta¬ 
tion WWV on 5, 10, and 15 MHz at 18 
minutes after the hour. If the solar flux 
has just increasd, absorption will be 
above normal. Absorption and fading 
conditions (QSB) are associated with 
an A figure of greater than 15 or a K 
figure greater than 4. 

last-minute forecast 

Higher frequency DX bands will 
have the most and longest long-skip 
openings in the first week or so of 
August (because of expected higher 
solar flux) and again the last week. 
Short-skip sporadic E openings will 
also be available, but spread out 


through the month and emphasizing 
different times of day between the 
higher and lower bands. The lower 
bands should be best the third week 
due to the expected lower solar flux; 
lower absorption during the day 
affects daytime short skip and creates 
better nighttime signals toward sunrise 
and sunset. Expect some disturbances 
1 to 2 days long, 1 to 2 days after solar 
flares are announced over WWV. 
These disturbances will be more likely 
July 29th-August 1st, August 4-6th, 
and 24-27th. The VHF/UHF enthusiast 
will note that the moon's perigee and 
the full moon appears on the 27th. The 
Perseids meteor shower will occur 
from the 10th to the 14th, with a max¬ 
imum rate of better than 50 meteors 
per hour expected on the 11th and 
12th. This is an excellent shower to 
work with for meteor burst. 

band-by-band summary 

Six-meter paths will open for a half 
hour to a couple of hours some days 
around local noon. Sporadic E propa¬ 
gation will make this short-skip path 
possible out to nearly 1200 miles (2000 
km) per hop. 

Ten and 15 meters will have a few 
short-skip E s openings and some long- 
skip openings to southern areas of the 
world during daylight. Some transe- 
quatorial (TE) openings associated 
with mildly disturbed geomagnetic- 
ionospheric conditions may occur in 
the evening hours toward the end of 
the month. 

Twenty and 30 meters will support 
DX propagation from most areas of 
the world during daylight and into the 
evening, with a lengthened skip out to 
2000 miles (3000 km) per hop. The 
amount of daylight is still near the 
maximum, providing many hours of 
good DXing. 

Thirty, 40, 80, and 160 meters are 
the night DXer's bands. On many 
nights 30 or 40 meters will be the only 
usable bands because of thunderstorm 
QRN, but signal strengths via E s short 
skip may overcome the static, when 
E s is available. Try the predawn hours 
for less QRN. 

ham radio 
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ANTENNA ANALYSIS 
For t8n PC A CoapatIblot 


Thw powerful PW ptogra* inil)ri*i 

ml»nn*i taploylng wlra or tubing alaaantai 


Forward Cain 

Ft t 

Bfiivldth 
Input lopadanc* 
Naar Flalda 


• Eiaaant Currants 

• Angla of Radiation 

• Sldalobas 

• SVR 

• Radiation Pattarna 


PIN faaturas a raallstle ground aodal and ha* enough 
coaputing power to aolva for tha Interactions aaong 
several antennas on the *aae east. Optlalre arrays 
taking eleaant tapering, nearby conductors, height 
above ground, and local terrain Into account. 

laslc UN Package; «2S 

rtMPLOT plot* and prints radiation pattarna In polar 
end X Y coordinate* for CCA. EGA. and HOC screens. 

The UN Antenna Library Includes over SO annotated 
antenna flies for aost kind* of aaateur antenna*. 

The PIN Plot Library Includes plot file* for antenna* 
In the Antenna Library, and a plot coeparlson guide. 

Complete ttN Package; •?& 

Plh Is an enhanced ful ly-featured version of HIMINEC. 
PIN soMwsre supplied on S%* disk with docueentat Ion. 

ffend check or eoney order (o: 

X6STI. 507% Taylor. Vista CA 92064 


5-1000 MHZ PREAMPLIFIERS 

NF G P(1dB) S 
WLA21m 3dB 13dB 8dBm 54 


WLA21m 

3dB 

13dB 

8dBm 

WLA22m 

4 

11 

12 

WLA23m 

4 

23 

12 

WLA24m 

3 

20 

18 


430/50MHZ CONVERTER 
RCX431 .15/<V 20dB 99 




FREE Heathkif 



CATALOG 


10B lull-color | 
pages packed with l 

the latest in high ■ N ame _ 

quality electronic [ 
products f 

j Address 

Heathkita! Cy 


Featuring superior quality electronic prod¬ 
ucts in kit and assembled form. Innovative 
home products, test instruments, self- 
\\ study electronics courses. Challenging 
and educational kits for first-time as well 
as seasoned builders Quality ready-to- 
use electronic products for homeowners, 
sports enthusiasts and professionals. 

All from Heath Company, a leader in the 
changing electronics market. 


(~. Send NOW lor your FREE 
Heathkit Catalog. 

Send to: 

Heath Company, Dept. 122-682 
Benton Harbor, Michigan 49022 


A »ubstdi*ry of Zenith Electronics Corporation 


WILAM TECHNOLOGY, Div. of 

WI-COMM ELECTRONICS INC. 

P.0 Box 5174, MASSENA. N Y. 13662 
(315) 769-8334 


Use transmatch I Covert results 

132' overall I *70 Beam’ 

Matchino XFMR 


Vert Radiator 
Coax led 
Assembled 



NEMAL ELECTRONICS 


♦Complete Cable Assembly facilities MIL-STD-45208 

•Commercial Accounts welcome- Quantity pricing * Same day shipping most orders 
•Factory authorized distributor for Alpha, Amphenol, Belden, Kings, Times Fiber 


Call NF.MAL for computer cable, CATV cable, Flat cable, semi-rigid cable, telephone cable, 
crimping tools, D-sub connectors, heat shrink, cable ties, high voltage connectors. 


HARDLINE 50 OHM 

FXA12 f/7" Aluminum Black Jackal . 

FLCIJ 1/T Cablawmia coir, coppar blk (kt — 

FLC7B T/er CiWwim c on.coppat blk /« - 

NM12CC N com 1/r con coppav m/t - 

NM78CC N com Iflr con coppat m/t - 

COAXIAL CABLES (pa, it> 

1180 BELDEN 8813 vary tow loss __ 

IKK RG8/U 85% shield low loss bam 11ga.. 

1110 RQ8X 85% SIMM (mini 8) -- 

T 130 RG313/U 85% shlald mil spac NCV (kt . 

1140 BG314/U dbl sINar ahM mk spec .. 

1705 RGI43B/V dbl slkrar slid, talbn Ins _ 

1310 BG217/II SO ohm 5000 watt dbl shid .... 
1450 BG174/XJ SO ohm . \OCT od mk spac ..... 

ROTOR CABLE-8 CONDUCTOR 

9C1822 2- 19ga *xS &22g a .....- 

BC1020 2-IOga and h TOgs --- 


CONNECTORS-MADE IN USA 

NE720 Typo N plug tot &atdan 9913 .. 

NE723 Typo N jack tot Batdan 0913 —- 

PL?50 standard UHF plug tor RG8.213 - 

PL259AM Amphanol PL?50 ____ 

PL250TS PL?50 to/ton Ina/aJH* platad .—. 

PL2SSAM Amphanol famala tamahf (barral). ... 

UQ17S/VQ179 raduc* tor PGW.'SO (spacity) . 

UG21DS N plug tor RQ6,213,2U Sitr* - 

UG63B N fack to PL25Q adopt*, tatlon - 

UG143A SO230 to N plug ad^W. Mon . 

LAG? 55 S0239 to BNC plug adopt*. Amphanol . 
50239AM UHF chants ml racaptada Amphanol. .. 


GROUND STRAP-GROUND WIRE 

QS3B 3/ET ttnnad coppat braid - - 

G S12 1/T ttnnad coppat braid .. 

G&200 1-1/T haary ttnnad copp* braid ... 

HW06 6ga tneulatad strwndad wtra _ 

AW 14 14ga strwndad Antama wtra CCS — 


CAROLINA WINDOM 

SEE THE REVIEW IN JUNE M W0RL0 RADIO MAGAZINE 




NEMAL ELECTRONICS, INC. 12240 NE 14th Ave. N. Miami, FI- 33161 
(305) 893-3924 Telex 6975377 24hr FAX (305)895-8178 
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AR501 

BACK TO BASICS... 

But far more advanced... 



Model AR501 Telegraph Terminal 

$229.00 

(California res. add $ 13.74 tax.) 


Visa and MasterCard orders 
are welcomed. Price includes 
shipping & handling. Purchase 
orders accepted from 
Government agencies 


AR-501 covered by One Year Limited 
Warranty. Extended warranty service 
available at the following rates: 

$25.00 - 3 Years S15.00 - 2 Years 


AR501 is a compact triple mode CW terminal in a small package (4.5" x 
6.25"x 2.25”) but a powerful gear to practice and play with. As a CW 
decoder, it detects morse code between 5 to 30 WPM. For practice?, it 
activates and displays the code. More?, it operates as an electronic keyer 
both standard and iambic. More yet?, How about a print-out function? The 
AR501 does just that. We offer a stand alone thermal printer as an option. 


HUE communications, inc. toll free i-soo-523-6366 

22511 Aspan St Lake Forest CA 92630-6321 (7141 581 4900 • Tele* 29-7385 • Fa* (714) 768-4410 
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THE MULTIPLE RECEIVER SOLUTION 


4 Channel Signal-to-Noise Voter 

• i vfMndatJte to 3? Channel t>v Just AddeiQ Cams 

• Continuous Votmq 

• LI 0 Indicators of COR amt Voted SiflfiaK 

• Built in Calibrator 

• Remate Voted Imlu itof. Pinned Out 

• 4' / * 6 Double SHJed Gold Plated 44 Pm Card 

• Remote Disable Inputs 

• MOfU 

Built, tested and calibrated with manual 

$350.00 

Telephone interlace now available 
Tot muie inhumation call 01 wnte 

DOUG HALL ELECTRONICS 

Voter Department 
815 E. Hudson Street 
Columbus. Ohio 43211 
(614) 261-8871 
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EASY TO READ 
SOFTWARE 

OUADRUTLE-HZED CHARACTERS 
FAST. REAL-TIME DISPLAY 

KIDSVOto Write tn6 nr your own program 
in targe dor daracien. umm ii. c-m. m «> 

KIDSWORD- A tuO-hrcbon targe dander 
word procemor with doubte-«ee pmt 
Very ea*y to uk ii. M».f»: r-w. ur ni 

MOUNT MURDOCH. An exdtng targe 
dander text adventure ax) arthomg lyetem. 
ia«*i< itnmi. nsraes nan me c-m.»»•») 

SPECIAL INTRODUCTORY PRICE 

S34S5 EACH or TWO for 630.85 

KIDS VIEW SOFTWARE. Inc. P.O.Box 98-H 
Warier. NH 03278, USA (603)927.4428 

At PREVIEWED in the AMY 1988 ISSUE 
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/-\ 

1988 CALL DIRECTORY 

(on microfiche) 

Call Direclory $8 

Name Index $8 

Geographic Index $8 

Alt three S20 Shipping per order $3 

BUCKMASTER PUBLISHING 

Mineral. Virginia 23117 
703-894-5777 

l _800-282-5628 J 
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during "normal” 
'Look at next higher band for possible openings. 
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Radio's guide to help you find your local 


California 


A-TECH ELECTRONICS 

1033 HOLLYWOOD WAY 
BURBANK, CA 91505 
(818) 845-9203 

New Ham Store and Ready to Make a 
Deal! _ 

JUN'S ELECTRONICS 

3919 SEPULVEDA BLVD. 

CULVER CITY, CA 90230 
213-390-8003 
800-882-1343 Trades 
Habla Espanol 


Colorado 


COLORADO COMM CENTER 

525 EAST 70th AVE. 

SUITE ONE WEST 

DENVER, CO 80229 

(303) 288-7373 

(800) 227-7373 

Stocking all major lines 

Kenwood Yaesu, Encomm, ICOM 


Connecticut 


HATRY ELECTRONICS 

500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 06114 
203-527-1881 

Call today. Friendly one-stop shopping 
at prices you can afford. 


Delaware 


AMATEUR & ADVANCED COMMUNI¬ 
CATIONS 

3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 

Delaware’s Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 

71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441-7008 

Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santee, KDK, and more. 
One mile off 1-95, no sales tax. 


Florida 


AMATEUR ELECTRONIC SUPPLY 

1898 DREW STREET 

CLEARWATER, FL 33575 

813-461-4267 

Clearwater Branch 

West Coast's only full service 

Amateur Radio Store. 

Hours M-F 9-5:30, Sat. 9-3 


AMATEUR ELECTRONIC SUPPLY 

621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 

Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-5:30, Sat. 9-3 


Georgia 


DOC’S COMMUNICATIONS 

702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 / 861-5610 
ICOM, Yaesu, Kenwood, Bird... 
9AM-5:30PM 
We service what we sell. 


Hawaii 


HONOLULU ELECTRONICS 

819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 

Kenwood, ICOM, Yaesu, Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke, Belden, Astron, etc. 


Idaho 


ROSS DISTRIBUTING COMPANY 

78 SOUTH STATE STREET 

P.O. BOX 234 

PRESTON, ID 83263 

(208) 852-0830 

M 9-2; T-F 9-6; S 9-2 

Stock All Major Brands 

Over 7000 Ham Related Items on 

Hand 


Illinois 


ERICKSON COMMUNICATIONS, INC. 

5456 N. MILWAUKEE AVE. 

CHICAGO, IL 60630 
312-631-5181 

Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:00-3:00 Sat. 


Indiana 


THE HAM STATION 

220 N. FULTON AVE. 

EVANSVILLE, IN 47710 
(800) 523-7731 
(812) 422-0231 

ICOM, Yeasu, Ten-Tec, Cushcraft, Hy- 
Gain, AEA & others. 


Maryland 


MARYLAND RADIO CENTER 

8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1212 

Kenwood, Ten-Tec, Kantronics. Full 
sen/ice dealer. 

M-F 10-7 SAT 9-5 


Massachusetts 


TEL-COM, INC. 

675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
617-486-3400 
617-486-3040 

The Ham Store of New England 
You Can Rely On. 


Missouri 


MISSOURI RADIO CENTER 

102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821-7323 
Missouri: (816) 741-8118 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 


Nevada 


AMATEUR ELECTRONIC SUPPLY 

1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-3114 

Dale Porray “Squeak,” AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 


New Hampshire 


RIVENDELL ELECTRONICS 

8 LONDONDERRY ROAD 
DERRY, N. H. 03038 
603-434-5371 

Hours M-S 10-5; THURS 10-7 
Closed Sun/Holidays 


?-) i YOU SHOULD BE HERE TOO! 

l^GalGTS* Contact Ham Radio now for complete details. 
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I mateur Radio Dealer 


New Jersey 


ABARIS SYSTEMS 

276 ORIENTAL PLACE 
LYNDHURST, NJ 07071 
201-939-0015 
Don WB2GPU 

ARRL, Astatic, Astron, B&W, Belden, 

Bencher, Hustler, Kenwood, Larsen, RF 

Concepts, Tonna and much, much more! 

Tues-Fri 10 am-7:30 pm 

Thurs 10 am-9.00 pm 

Sat10am-4:00pm 

VISA/MC 


KJI ELECTRONICS 

66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(201)239-4389 
Gene K2KJI 
Maryann K2RVH 

Distributor of: KLM, Mirage, (COM, Lar¬ 
sen, Lunar, Astron. Wholesale - retail. 


New York 


BARRY ELECTRONICS 

512 BROADWAY 
NEW YORK, NY 10012 
212-925-7000 

New York City's Largest Full Service 
Ham and Commercial Radio Store. 


VHF COMMUNICATIONS 

915 NORTH MAIN STREET 
JAMESTOWN, NY 14701 
716-664-6345 

Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
“The World System.” Western New 
York’s finest Amateur dealer. 


Ohio 


AMATEUR ELECTRONIC SUPPLY 

28940 EUCLID AVE. 

WICKLIFFE, OH 44092(Cleveland Area) 
216-585-7388 

Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30, Sat. 9-3 


DEBCO ELECTRONICS, INC. 

3931 EDWARDS RD. 

CINCINNATI, OHIO 45209 
(513) 531-4499 
Mon-Sat 10AM-9PM 
Sun 12-6PM 

We buy and sell all types of electronic 
parts. 


UNIVERSAL AMATEUR RADIO, INC. 

1280 AIDA DRIVE 

REYNOLDSBURG (COLUMBUS), OH 
43068 

614-866-4267 

Featuring Kenwood, Yaesu, Icom, 
and other fine gear. Factory author¬ 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 


Folded Broadbanderfii-flu>u/ Dipolti a sioptrt 
•Full Legul Power " 
•NoCapforCoili 


Unique folded design shortens^ 
and creates broad resonance 
in two bands. Leg is 7fffor 
FB 160/80 and 35' for 
FB 80/40. Infopadt $1 _ 
by 1st class mail. ^ HalfSIojter 
FB 80/40 $59.95 

-O" FB 160/80 $69.95 

{specify cwor ssb A AddS5 pah III Antennas West J 

Dept H,Provo, UT 84603-1144 ||| 


•Never Corrodes 
•Fully Insulated 
•Ready to Use 
Dipole ’P**' Mount 

$79.95 ,C “? Fe ? 
$99.95 jTough 


(801) 373-8425 
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Pennsylvania 


HAMTRONICS, 

DIV. OF TREVOSE ELECTRONICS 

4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 

Same Location for over 30 Years 


Texas 


MADISON ELECTRONICS SUPPLY 

3621 FANNIN 
HOUSTON, TX 77004 
713-520-7300 
Christmas?? Now?? 


K COMM dba THE HAM STORE 

5707A MOBUD 

SAN ANTONIO, TX 78238 

512-680-6110 

Stocking all major lines. San Antonio’s 
Ham Store. Great Prices — Great 
Service. Factory authorized sales and 
service. 

Hours: M-F 10-6; SAT 9-3 


MISSION COMMUNICATIONS 

11903 ALEIF CLODINE 

SUITE 500 (CORNER HARWIN & 

KIRKWOOD) 

HOUSTON, TEXAS 77082 
(713) 879-7764 

Now in Southwest Houston—full line 
of equipment. All the essentials and 
extras for the “ham.” 


Wisconsin 


AMATEUR ELECTRONIC SUPPLY 

4828 W. FOND DU LAC AVE. 
MILWAUKEE, Wl 53216 
414-442-4200 

Wise. Wats: 1 (800) 242-5195 
Outside Wise: 1 (800) 558-0411 
M-F 9-5:30 Sat 9-3 


Think you We seen it all? 



Send check or money order to: 
(US Funds only. Incl. $2 S/H) 


morlan software 

\/y P.O. Box 2400 

EAST LIVERPOOL, OH 43920-0400 
THANK DAYTON 
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Foreign Subscription Agents 
for Ham Radio Magazine 


Ham Radio Austria 
Karin Ueber 
Postfach 2454 
D-7850 Loerrach 
West Germany 


Ham Radio Belgium 
Stereohouse 
Brusselsesteenweg 416 
B-9218 Gent 
Belgium 


Ham Radio Holland 
Postbus 413 
NL 7800 Af Emmen 
Holland 


Ham Radio Europe 
Box 2084 

S-194 02 Upplands Vasby 
Sweden 


Ham Radio France 
SM Electronic 
20 bis, Ave des Clarions 
F-89000 Auxerre 
France 


Ham Radio Germany 
Karin Ueber 
Postlach 2454 
D-7850 Loerrach 
West Germany 


Canada 
Send orders to 
Ham Radio Magazine 
Greenville, NH 03048 USA 
Prices in Canadian funds 
1 yr $41.85, 2 yrs. $74.25 

3 yrs $99.90 

Ham Radio Italy 
Via Maniago 15 
1-20134 Milano 
Italy 

Ham Radio Japan 
Katsumi Electronic Co , Ltd. 
27-5 Ikegami 

4 Chome, Ota-Ku 
Tokyo 146, Japan 
Telephone (03) 753-2405 

Ham Radio Switzerland 
Karin Ueber 
Postfach 2454 
D-7850 Loerrach 
West Germany 

Ham Radio England 
c/o R S.G.B 
Lambda House 
Cranborne Road 
Potters Bar 
Herts EN6 3JW 
England 

Holland Radio 
143 Greenway 
Greenside, Johannesburg 
Republic of Soulh Africa 
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2x4Z BASE 
REPEATER 
ANTENNA 

THE HIGHEST GAIN 
DUAL BAND 

BASE/REPEATER ANTENNA 
HIGH POWER 200 WATTS 

CENTER FREQUENCY 

146.500 MHz 

446.500 MHz 

GAIN: | 

VHF - 8.2dB 1 

UHF - 11.5dB I 

VSWR -1 .-1.2 or less I 

CONNECTOR: 

N TYPE FEMALE 

LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT. 

WEIGHT: 5 LBS. 3 OZ. 

WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN. 

MAST 

CAN SIMULCAST ON 
BOTH BANDS 

WATERPROOF 

CONNECTING 

JOINTS 

UPS SHIPPABLE 


~r 

AMATEUR SPECIAL 

1275 NORTH GROVE ST. 
ANAHEIM, CALIF. 92806 
(714) 630-4541 

CABLE: NATCOLGLZ 
FAX (714) 630-7024 


(continued from page 9) 

dent associated with a teenager ask¬ 
ing his parents to finance a new trans¬ 
ceiver! 

A comprehensive market survey 
would reveal that not all hams are 
affluent enough to afford such luxuries 
as $6,000 transceivers. The active- 
Amateur statistics clearly indicate that 
a large portion of the fraternity consists 
of retirees who must exist on fixed 
incomes. A properly equipped, mod¬ 
ern Amateur station is frequently 
beyond their means. Although I am 
semi-retired, and am not by any means 
destitute, I rebel against the cost of the 
new Amateur equipment. I have 
countless associates who share this 
sentiment. This represents an untap¬ 
ped market. An astute manufacturer 
would recognize this vast potential. 

What has been needed in the United 
States for a long time is a no-frills 
transceiver. It should have a quality 
design for CW and SSB operation. A 
maximum output power of 100 watts 
is adequate. It would not contain a 
speech processor, i-f shift or width cir¬ 
cuit, nor would it need to have com¬ 
puter interface capability. A noise 
blanker is by no means a necessity, 
since most blankets are ineffective for 
the more common types of QRN, and 
they degrade the receiver dynamic 
range when activated. I also question 
whether or not a basic rig needs mem¬ 
ory channels and two internal VFOs. 
Getting rid of the frills can bring the 
price of a good transceiver within the 
reach of those who can't, or don't, 
wish to invest several thousands of 
dollars in a hobby they use one or two 
days a week. 

Joe nibbled at the edges of the 
problem in his HR editorial. I admire his 
tact and understand his limitations. 
But, someone needs to take the initia¬ 
tive toward encouraging the United 
States and foreign manufacturers to 
develop a practical transceiver that can 
serve our basic operating needs — 
especially those of the Novice and 
other new Amateurs. If a fancier rig is 
desired later on, rest assured they will 
buy it. But for now we need to get 
them started with the minimum of eco¬ 


nomic stress. What ever happened to 
the concept of high volumne and 
reduced per-unit-profit (shades of 
Henry Ford)? Small volume and high 
markup is not in the best interests of 
Amateur Radio. 

Doug DeMaw, W1FB, Luther, 
Michigan 49656 

generation gap in 
Amateur Radio 

Dear HR: 

Your editorial in the June issue 
reminded me of a similar request by 
Rich Rosen, regarding how to make 
Amateur Radio more accomodating 
and attractive. I remember some of the 
replies, both appropriate and absurd. 
At that time, the respondents felt that 
I) it was up to the FCC to make it eas¬ 
ier to obtain licenses, 2) the equipment 
manufacturers were not supplying 
sophisticated or inexpensive enough 
gear, 3) the technical challenges for 
Amateur Radio were diminishing, 4) 
there was an insufficient number of 
contests and prizes. The list went on. 

I believe that Amateur Radio is 
experiencing the same phenomena 
that affects the entire country: a 
generation gap. Yes, I know that term 
is outdated but the application is here. 
The country has two (or more) gener¬ 
ations of "wanna-bes" and "gimmes". 
Working couples spend more and 
more time away from home to provide 
more and more for their families. Their 
offspring are accustomed to essentially 
getting everything that they want. 

Amateur Radio has and always will 
provide the kinds of challenges that 
people desire. I can't really fault any¬ 
one or anything for the decreasing 
number of ham operators. Society is 
changing rapidly. Societal expecta¬ 
tions are changing just as quickly. Ham 
radio presents a kind of stable environ¬ 
ment. I believe we are all caught up in 
changes, whether or not we like it or 
know it. 

I would appreciate your printing this 
letter, and I encourage responses from 
the readers. 

Larry Caracciolo, N3CCW 
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RAMSEY ELECTRONICS 


QUALITY TEST GEAR 
YOU CAN COUNT ON 



■frniT7?ffrn 


RAMSEY FREQUENCY COUNTERS 


INCLUDES 2 HOOK-ON PROBES * 369 . 95 * INCLUDES 2 HOOK ON PROBES $ 499.95 
20 MHz DUAL TRACE 35 MHz OUAL TRACE 

Features component testing circuit lor resistors, capacitors. wide frequency bandwidth—optimal sensitivity —delayed 

digital circuits and diodes—TV sync litter-high sensitivity— triggering sweep-hold otl—ALT trigger-single sweep TVsync 

Z axis—XY mode-buiH-incalibtator-5X horizontal magniliei 5X magmticalion-XY or XVZ operation- HF. LF noise reduction 


THE COMMUNICATIONS 
* 2495 °° SERVICE MONITOR THAT 
WORKS HAROER FOR LESS. 

Introducing COM-3 the new service monitor designed by service 
technicians lor service technicians It works harder for less giv¬ 
ing you advanced testing capabilities at a very affordable price 
FEATURES • Direct entry keyboard with programmable memory 
• Audio & transmitter frequency counter • LED bar graph fre- 
Quency/error deviation display • 0 t-fO.OOOuv output levels • 
High receive sensitivity, less Inan 5/iV • 100 KHz to 999 9995 MHz 
Continuous frequency coverage • Transmit protection, up to 100 
watts • CTS lone encoder I KHz and external modulation 


UNSURPASSED QUALITY • SUITABLE FOR HOBBY, SERVICE & PRODUCTION 


Add an 
additional 


8* 10CM 


35 MHz 


20 MHz 


1 mV per div 


35 MHz 


Ramsey Electronics has been manufacturing electronic 
test gear tor over 10 years and is recognized tor lab qual¬ 
ity products at breakthrough prices Our frequency coun¬ 
ters have features and capabilities ot counters costing 
twice as much 


ILSStHANTSnw 


tJ inac PR-2 COUNTER PREAMP 

JJTI" Ihe PR-? is ideal loi measuring weak signals 
.knlHcMn l,om tOto I 000MHz • Ilal25dbgain • BNC 
1 C tfjpur conneclois • great lor smiling RF • ideal 
139.95 'eceivei/TVpieamp 

PS-2 AUDIO MULTIPLIER 

The PS-2i5 handy lor high resolulion audio 
SRQ95 lesolutionmcasuiemenls mullipliesUpm 

frequency • great lor PL lone measurements 
•k" * multiples by 10 ot 100 • 0 01 Hz resolution 

es-Zki' $ 49.95 & built-in signal preamp/condihonei 

PS-IOB I GHz PRESCALER 

Extends the range ol your present counter lo 
$0095 1GHz • 2stage preamp « divide by lOOOcir 
UO cuilrv • supei sensitive <50 mV typical' « 

"“«» Mtiwin BNC connector s • I GHz m I MHz out • 
tCMipit' dnvesanycounter 


RAMSEY 0-5100 
HANDHELD DIGITAL 


Provides distinctive audible chirp after 
conlacl has been made and meter reading 
has stabilized Has TOUCH HOLD lealure 
lo allow readings lo be logged or refeired 
to belore making the next leading Uplo 
10 AMP current capability and a continuity 
(unction which beeps on zero Ohms 


Compact sized reliability and accuracy 
This LCO digital multi tester easily Ills in 
your pocket you can lake it any where It 
features full overload protection • 3 
digit LCD readoul • lecessed input lacks 
• safety probes • diode check function 


safety probes • diode 
2000hours bafiery life 



RAMSEY D-4100 
COMPACT 

II * •^aen. 

DIGITAL 

ft -HM 

MULTITESTER 

H— 

S2495 


test leads and 

t_Mi, 

baitery included 


20 Hz MO MH; 

TON. 

/■600MH/ 

6 Ha 

-600 MHZ 

10 H, 

Z-125CHZ 


m 

M 

Wii n 




Sf 

■ 

t ^ 



$ 




* 


* - A 


Cl** ® 

$ 49.95 



* s 1 * 

Includes Probes 

1 Year Warranty 




MINI KITS-EASY TO ASSEMBLE-FUN TO USE-FOR BEGINNERS, STUDENTS AND PROS 



40 WATT 2 mlr 
PWI AMP 

Si mpie Class C power amp features# 
timespowtr (jam i Win tor Bout 2 Wm 
tO'ISout 5 W in lot 40 W out Mai output 
otSOW mciMMMc value compete with 
all parti ‘essca»fJ«'JfAfri.iv 

PA t aoWpwrampkil $22.95 
TTf -1 W sensed T A relay M 6.95 


COLOR 0 RI 1 AN 

‘>*1 (THu»K CfXTK ahw ‘3 
fli'tftf nl leghta fliCkf* 
w.tnmus* Onehght 
cacn to* »»tgh mid 'jnQe 
lows Each wdividu 
ally adiuitaWe and 
d* i vts up to 300 \N tuns 
on 110 VAC 

mi im S8.95 


VWCf ACTIVRT 1 D 
SWITCH 

Voice activated switch 

kit provides switched 
output with current ca 

paDiutyuptotOOrrA 
Cah(Sfi»treia*i lights 
LEOorrvtmaUpe 
IKAW moto' Runs on 
9 VDC 
VS 1 Alt 

$6.95 


VIDEO MODULATOR 

Converts any TV to »- 0 <o monitor Supe* $7 95 

accepts std video signa' Best unit on the 

LED BLINKT All 

Alter nate'y Hashes? 
lumDolEOs Usefo' 
name badges Duttons 
aatn.ng panel iignts 

Runs on 3 to vOlt>_ 

S2.95 

MAO BUSTER 

PioducevLOUOea' shat 
tenngand attention get 
tmgsireni.Ke sound tan 
lupptyuptotbwattsot 
oDnoBiousaudro Runs 
onfrtSVOC 

MB 1 Ktl $4.95 

UNIVERSAL TIMER 

Provides the Dave pa'ts 
and PC board required to 
provide a source otpre 
Crs«on timing and pulse 
ganeration UsesS 65 
l>me> 1 C and includes a 
•angeotparts to'must 
(WHItg needs 

ui ix,r $5.95 

WHISflRlWNT 

Ar.ntr-rslrngkit umali 
mike p<ks up sou id* 
andconyeitstnemto 
i*ghl the louder Ifv* 
sound the Dnght*r trw 
light includes mike con 
t'olsuptoJOOW anson 
ttOVW 

hi u-t $6.95 


WIRELESS rtlXT/ 
MIKE 

Transmits up to 300 to 

anyfMD-oadraiT'aaiP 
uses any type olm.M 
a..TtoflJto9V typefM 
?has added $mvtitr« 
ir.-kr preamp slage 

fviR.t S3.95 

'vat. S4.95 


SIMM 

R'oduces upward and 
UWttttk.vtjw.iit 5 tAf 
pea* audio output »uns 
on 3 bvtilfs uses 346 

0 h'ti»pf 4 *f‘ 

Complete kit SM -3 

$2.95 



BO Me TIME IASI 

RuMOnVftVDC 
La* cuitent t 7 Sma) 
imw, month accuracy 

rg«*ii S5.50 
IHHA-,, $9.95 


ACCESSORIES FOR RAMSEY COUNTERS 

Telescopic whip antenna—BNC plug.S 8.95 

High impedance probe, light loading. 16.95 

Low pass probe, audio use. 16.95 

Direcl probe, general purpose use. 13.95 

Tilt bail, lor CT-70.90.125. 3.95 


PHONEORDERSCALL 

716 - 586-3950 

TELEX 466735 RAMSEY Cl 
FAX 716-586-4754 




HI If HOWE 
TRANSMUTE A 

Lo* toil with proles 
vonaiprto>mjncr fca 
tu'etmcMte sedpnone 
hne powt '«1 tunatna 
Kom.’StotOOMn.' 
polarity anirMnsitivf 
compact *•/»! *t.l 
easily installs anywnti« 
on the phone fine O' 
inside the instrument 
4Mlt 
PR 1 Bill 

$14.95 



EM RECEIVER 

Fpr thr'lt in appf'Cit-onj 
o' hoODy fipe'imenla 
lion f u» hedged super- 
Retrod yne-ecerver 
microvolt sensitivity 
tO ’ Mm/ if integrated 
Cncu't detector 50 rn* 
Audio amplifier 9 V 
**f*"*i powr source 
operation or siandA'd 
FMD-oadrastbandas 
well as targe portions on 
each side compact iG 
Muj'fi to'Dug detec 
nono* reception 

fr t mi $14.95 


A Super h^jh pet«o»monce 
fM*«-eiess mike kit' 
transmits a tla'M *«gnai 
uplo .100 ya'ils with 
exceptional aud-o quality 
try means ot ns Built m 
ttfCtirtmikr «C»t includes 
case m*e on oftswilch 
antenna Daft*’y and 
vzpr msi'i* uons Turns 

FW 3 Kit $14.95 


TERMS • satisfaction guarantied • tiammeior 10 days ilnrt pleased 
return tn original term lor ralund • add 5 ‘. lor shipping and insurance to a 
mjiimum ot liO 00 • Iwiign add 15 * ■ lor surlaca «!«• • COO add S? SO 
ICOD in USA only I • orders under I lb (JO rdd SI SO • N Y rendents add 1' ■ 
sales In • 90 day parts warranty on all kits • I year parts A labor 
warranty an all wiftd units 
RAMSEY ELECTRONICS. INC 
2575 Baird Rd 
Penlteld. NY. 14526 














































































flea *. 
market 


RATES Noncommercial ads 1 0<P per word; 
commercial ads 60C per word both payable 
in advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one tree Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H 03048. 


HAM RADIO FREEBIE. On a space available basis, we are going 
to offer you, our subscriber, a chance to sell your old, used 
equipment. Please send us a short description of what you want 
to sell along with price, name, address and phone number. We 
will run it once in the next available issue of HR. Please limit 
your ad to 20 words or less. 


SALE COLLINS. 75S-3B, 32S-3 rec, trans P/S $700. 30S-1, 
linear, $1500 mint. 2-100/PC, 768k $600. Swan 350 P/S $250. 
Rich (516) 957-6308 nights. 


WANTED: Smith Chart transmission line calculator made and 
sold by Ham Radio. W8VLN, 1328 East Main, Eaton, OH 45320. 


MACINTOSH SATELLITE Tracking and Propagation Software. 
MacTrak™ displays graphic maps (rectangular, polar, great cir¬ 
cle), views from space, schedules, windows. Also tracks Sun 
and Moon. Compatible with KLM/MIRAGE rotor interface. 
Shows gray line, sunrise/sunset, bearing/distrnac.e mUF vs 
time, areas of world "open”. SASE for info or $49.95 from R. 
Stegemeyer, PO Box 1590, Port Orchard, WA 98366. 


TEKTRONIX 547 Oscilloscope, 50 MHz-BP $135, Tek-1 A1 $60, 
Tek-1 A4 $120, Tek-1 L30 Spectrum Analyzer, 0.9-10.5 GHz $360, 
Hewlett-Packard 606A Signal Generator, 0.05-65 MHz, $100k, 
HP-8708A Synchronizer $150, HP-3300A Function Generator 
$95, HP-686C Sweep Generator, 8-12 GHz $95, HP-9865A Cas¬ 
sette Memory $95. Lambda LB-701-FMOV Variable Regulated 
Power Supply, 300 amps, new $295. A. Emerald, 8956 Swal¬ 
low, Fountain Valley, CA 92708. (714) 962-5940. 

HALL ELECTRONICS buys radio broadcast equipment for 
cashl Jon Hall, W84MMV, PO Box 7732, Charlottesville, VA 
22906. (804) 973-8697. 


CUSTOM EMBROIDERED EMBLEMS, fr Enameled Pins, your 
design, excellent quality, low prices, free booklet. A.T. PATCH 
CO, Box 682 Dept 19, Littleton, NH 03561. (603) 444-3423). 


BM-PC RTTY/CW. New CompRtty II is the complete RTTY/CW 
program for IBM-PC’s and compatibles. Now with larger buffers, 
better support for packet units, pictures, much more. Virtually 
any speed ASCII, BAUDOT, CW. Text entry via built-in screen 
editor! Adjustable split screen display. Instant mode/speed 
change. Hardcopy, diskcopy, break-in buffer, select calling, text 
file transfer, customizable full screen logging, 24 programma¬ 
ble 1000 character messages. Ideal for MARS and traffic han¬ 
dling. Requires 256k PC or AT compatible, serial port, RS-232C 
TU. $65. Send call letters (including MARS) with order. David 
A. Rice, KC2HO, 25 Village View Bluff, Balston Lake, NY 12019. 


HAMLOG COMPUTER PROGRAMS. Full features. 17 mod 
ules, auto-logs, 7-band WAS/DXCC. Apple $19.95, IBM or 
CP/M, KAYPRO, Tandy, C128 $24.95. HR-KA1AWH, POB 
2015, Peabody, MA 01960. 


IAMBIC KEYER Low cost, low-current-drain. Designed by Paul 
Newiand, AD7I. Features dot and dash memory, side tone gener¬ 
ator and key circuit current amplifier. Although the sidetone 
generator and keyer amplifier were touted as options in the arti¬ 
cle, the kit includes both of these functions. For Kit, order # 
151-KIT $19.95. For Assembled board order #151-ASY $29.95. 
Add $2.50 shipping per order. Calif, residents add S'sales tax. 
Visa & M/C accepted. A&A ENGINEERING, 2521 W. LaPalma 
#K, Anaheim, CA 92801 (714) 952-2114. For circuit details, see 
June 88 QST. 


HARK-RADIO ARCHIVES Non-profit, low income newsletter 
for youth/elderly. $1 each. $6 bimonthly. 2308 Garfield 0304, 
Mpls, MN 55405. 


DIGITAL AUTOMATIC DISPLAYS. All Radios GRAND SYS 
TEMS, POB 2171, Blaine, Washington 98230. 


CHASSIS & CABINTS KITS. SASE. K3IWK, 5120 Harmony 
Grove Rd, Dover, PA 17315. 

COMMODORE/AMIGA CUSTOM CHIPS very inexpensive. 
<eq. PLA/82S100-$13.25). Diagnostics and other hard to get 
items. New Heavy Duty Power Supply for the C64- $27.95 plus 
UPS. Send for complete catalog. KASARA, INC, 36 Murray Hill 
Drive, Spring Valley, NY 10977. 1-800-642-7634, 1-800-248-2983 
(outside NY) or 914-356-3131. 


WANTED military surplus radio equipment, we need, ARC-164, 
ARC-114, ARCj-115, ARC-159, ARC-186, ARN-118, RTj-1159A, 
Collins 718U-5, 719A, top dollar paid or trade for new Amateur 
gear. Write or phone Bill Slep (704) 524-7519. SLEP ELEC¬ 
TRONICS COMPANY, Highway 441, Otto, NC 28763. 


HAMS-HELP. Handicapped Ham needs working HF rig with 10 
meters, reasonably priced. Please help. Clem, KA30UE. Call any 
time (412) 531 -7443 EST. 

CLOSED CIRCUIT TELEVISION EQUIPMENT. Discount pric¬ 
ing on cameras, monitors, sequential switches, pan tilt units, 
etc. Expert design assistance available. Dan Marshall, DETEC¬ 
TION DYNAMICS, 4700 Loyola Lane, #119, Austin, Texas 
78723. (512) 345-8401. 


WANTED: Operating and/or Maintenance Manual for the Gon- 
set Model G-66B receiver. WE6N, 644 11th Avenue, Coos Bay, 
OR 97420-4405. 

AN-PRC-64 military radio wanted. Will pay top dollar for a unit 
in very good condition. KC1EZ, Tim Mclnerney, 316 West 75th 
Street, New York, NY 10023 (212) 874-3333. 


HRs 1970-79, plus 6 early issues, $170 plus shipping. Ned, 
W1RAN (203) 447-1255 after 5 PM. 


SELL: Drake TR-3 HF Xcvr, AC-4 Pwr supply, mic, spkr, swr. 
Mint condition with manuals. $250. Will ship. Rob, KE8JH, even¬ 
ings (616) 327-2142. 


WANT COLLINS KWM 2/A and accessories. Also looking for 
other Collins gear. Call after 4 PM EDST (201) 728-7938. 


CALL SIGN BADGES: Custom license plate holders. Personal, 
distinctive. Club discounts. SASE. WB3GND, Box 750, Clinton, 
MD 20735. (301) 248-7302. 


ANALOG AND RF CONSULTING for the San Francisco Bay 
area. Commercial and military circuits and systems. James Long, 
Ph D., N6YB (408) 733-8329. 


RTTY JOURNAL— Now in our 36th year. Read about RTTY, 
AMTOR, PACKET, MSO'S, RTTY CONTESTING, RTTY DX 
and much more. Year's subscription to RTTY JOURNAL $10.00, 
foreign slightly higher. Order from: RTTY JOURNAL, 9085 La 
Casita Ave., Fountain Valley, CA 92708. 


IMRA International Mission Radio Association helps mission¬ 
aries. Equipment loaned. Weekday net, 14.280 MHz, 1-3 PM 
Eastern. Nine hundred Amateurs in 40 countries. Rev. Thomas 
Sable, S.J., University of Scranton, Scranton, PA 18510. 


MARCO: Medical Amateur Radio Council, Ltd, operates daily 
and Sunday nets. Medically oriented Amateurs (physicians, den¬ 
tists, veterinarians, nurses, physiotherapists, lab technicians, etc) 
invited to join. Presently over 560 members. For information write 
MARCO, Box 73's, Acme, PA 15610. 


RUBBER STAMPS: 3 lines $5.00 PPD. Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. SASE 
brings information. 

ELECTRON TUBES: Receiving, transmitting, microwave... all 
types available. Large stock. Next day delivery, most cases. 
DAILY ELECTRONICS, PO Box 5029, Compton, CA 90224. (213) 
774-1255. 


DIGITAL AUTOMATIC DISPLAYS. All Radios. GRAND SYS¬ 
TEMS, POB 2171, Blaine, Washington 96230. 


CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. HEIN SPECIALTIES, Inc., Dept 301, 4202 N. Drake, 
Chicago, IL 60618. 


RECONDITIONEO TEST EQUIPMENT $1.25 for catalog. 
Walter, 2697 Nickel, San Pablo, CA 94806. 


COMING EVENTS 

Activities — “Places to go . . 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICITY 
COORDINATORS: PLEASE INDICATE IN YOUR ANNOUNCE¬ 
MENTS WHETHER OR NOT YOUR HAMFEST LOCATION, 
CLASSES. EXAMS, MEETINGS, FLEA MARKETS, ETC, ARE 
WHEELCHAIR ACCESSIBLE. THIS INFORMATION WOULD 
BE GREATLY APPRECIATED BY OUR BROTHER/SISTER 
HAMS WITH LIMITED PHYSICAL ABILITY. 

VIRGINIA: August 7. The 38th annual Winchester Hamfest, 
sponsored by the Shenandoah Valley ARC, Clarke County Run- 
tan Fairgrounds, Rt 7, 2 miles west of Berryville. 7 AM —3 PM. 
Admission $4. Children under 12 and wives free. Tailgaters and 
tables $5. License exams. Talk in on 146.22/.82 and .52. For 
information Joanne Blaker, WB2CMV (703) 869-4878 or write 
SVARC, POB 139, Winchester, VA 22601. 


PENNSYLVANIA: August 7. The 51st Hamfest of the South 
Hills Brass Pounders and Modulators ARC of Pittsburgh, south 
campus of Community College of Allegheny County, West 
Mifflin. Outdoor/indoor flea market, forums. Talk in on 
146.13/73 and 146.52. For information Doug Wilson, WA3ZNP, 
185 Orchard Avenue, Emsworth, PA 15202. 


NEW YORK: August 20. 7th annual Finger Lakes Hamfest. 
Sponsored by the Tompkins County ARC. New Location—4-H 
Acres of Rt 13 NE of Ithaca. Donation $3. Flea market space 
$1. Wheelchair accessible. Free overnight camping. Talk in on 
37/97 or 52. For information contact the Kings, N2GFW or 
N2GFX, Box 227, Etna, NY 13062. (607) 347-4313. 


INDIANA: August 7. The Porter County ARC'S annual North¬ 
west Indiana Hamfest & Computer Fair, Porter County Fair¬ 
grounds Er Expo Center, Rt 49, east of Valparaiso. 7 AM. 6 AM 
vendors. General admission $3.50, under 12 free. Walk-in license 
exams 8 -10 AM all classes. Talk in on 146.775/175 or 146.52. 
For information Jamie Veiner, NS9A, POB 1782, Valparaiso, IN 
48384. 


INDIANA: August 7. Angola Hamfest and FM Picnic, Steuben 
County 4-H Park on Crooked Lake. Gates open 7 AM. 
Indoor/outdoor spaces. Talk in on 147.21. For information 
Steuben County Radio Amateurs, POB 252, Angola, IN 46703. 


MINNESOTA: August 14. The St. Cloud ARC'S Hamfest, Whit¬ 
ney Senior Center in St. Cloud. Ticket donation $3.00. Extra 
ticket $2.00. Talk in on 34/94 primary, 615-015 sec. Contact: 
SCARC, Box 141, St. Cloud, MN 56302. 


NEVADA: August 20. The combined radio clubs of Reno are 
sponsoring Reno Hamfest '88, California Building, Idlewild Park. 
9 AM to 5 PM. Admission $3. Swap tables $7. License exams, 
Ham swap, refreshments. Talk in on 146.61 and 147.30+. For 
information, registration and VE exam SASE to Curley Silva, 
K7HRW, 3780 Hummingbird Drive, Reno, NV 89506. 


TENNESSEE: August 28. The Lebanon Hamfest sponsored by 
the Short Mountain Repeater Club, Cedars of Lebanon State 
Park, US 231, 7 miles south of Lebanon. Outdoors only. Bring 
own tables. Talk in on 146.31-146.91. For information MaryAlice 
Fanning, KA4GSB, 4936 Danby Drive, Nashville, TN 37211. 


MISSOURI: August 28. The St. Charles ARC will sponsor Ham¬ 
fest 88, Blanchette Park, St. Charles. 6:30 AM-2:30 PM. Free 
admission and parking. License exams. Handicapped parking. 
Tailgating $2/space. Talk in on 146.07/67 rep and 146.52. Con¬ 
tact Eric Koch, NF0Q, 2805 Westminister, St. Charles, MO 
63301. (314) 946-0948. 



OPERATING EVENTS 

“Things to do . . .” 

Littleton, Colorado: August 21. The Arapahoe Radio Club's 
annual "Fourteener"s expedition operating from 14,000-ft moun¬ 
tain peaks in the Colorado Rockies. Listen for CQ 14. For cer¬ 
tificate send QSL and legal SASE to K9AY, 7277 S. Clermont 
Drive, Littleton, CO 80122. 


HAM RAOIO TODAY has joined the programming lineup from 
the Voice of the Andes, HCJB Radio, an international broad¬ 
casting station that has been operating from Quito, Ecuador 
since 1931. Programming includes news from all over the world, 
construction hints, propagation news, equipment reviews and 
much more. For more information contact John E. Beck, Prc 
ducer, HAM RADIO TODAY, c/o HCJB Radio, Box 091, Quito, 
Ecuador, SA. 
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Uncle Bill’s 
Commodore C-64 
Computer Software 
by Bill Clarke WA4BLC 


CODE COURSE 

This computer ptogtam is broken into 
three user fnendly parts Pan one in¬ 
troduces to the beginner the different 
morse characters The student simply 
presses a key and the character is 
sent and displayed on the screen Pari 
two generates the morse character 
and the student is required to press 
the correct key on the computer If 
the student answers incorrectly, the 
character is automatically resent Part 
three sends inoise characters in ran 
dom groups ol live The student can 
tailor what is sent to their particular 
needs numbers only, letters only or a 
combination of both Speeds ate Irom 
5 to 20 groups per minute The com 
puter can also be configured to send 
the Farnsworth method (high speed/ 
slow spacing code ) V 2 2 
UB-CC (For C 64) $9.95 

KODE MASTER (for Novice. 
General or Extra Class students) 

Prepare for your next code exam 
using computer generated OSOs. Each 
QSO contains callsigns, names. QTH's 
equipment info plus many of the other 
exchanges commonly found in Ham 
QSO's QSO s can be displayed on the 
screen by one character at a lime by 
each sentence or after the completion 
ol the QSO for checking With a 
printer you can print out a hard copy 
Available in 5 wpm tor Novices 13 
wpm lor Generals and 20 wpm tor 
Extra class students 
UB KN Novice Class (tor C 64)$14.95 
UB-KG (tor C-64) $14 95 

UB KE Extra Class (lor C-64) S14.95 

ANTENNA SYSTEM 

This nitty antenna modeling and 
development program will help you get 
the most Irom your antenna protects 
while eliminating much ol the drudgery 
ol antenna calculations Part one 
covers standard design antennas- 
dipoles, verticals and Yagi designs 
Part two designs shortened dipole an¬ 
tennas for space limited hams Great 
for shortened 160/80 meter antennas 
All dimensions are listed At this price 
it's not an engineering program but a 
neat program to have around 
UB-AS (lor C-64) $9.95 


RADIO AMATEUR CALLBOOK 

SUPPLEMENT 

(both NA and International calls) 

Invaluable operating aid to all classes 
of Radio Amateur Includes all calls 
issued since publication of the 1988 
edition ol the North American and In 
ternational editions The ONLY way to 
be fully up-to-date is to have the Call- 
book supplement in your shack 296 
pages 1988 

CB SUP 88 Sottbound $9.95 

Please enclose $3 50 shipping & handling 


mnwmiim 


-AND RENEW- 

TOLL-FREE 


ham m _ 

radio m 

magazine 


rM 


1 YR - $22.95 2YRS - $38.95 

3 YRS - $49.95 
Prices U.S. only 


□ MASTERCARD 
□ VISA □ BILL ME 

Please have your charge card ready 


ham.- 

rauio _ 

BOOKSTORE ® 

GREENVILLE, NH 03048 

603-878-1441 


DATATEL80®' 

800 - 341-1522 

Weekdays 8 AM • 9 PM EST • Saturdays 9 AM - 5 PM EST 
IN MAINE CALL COLLECT (207) 236-2896 


OUR 800 NUMBER IS FOR SUBSCRIPTION ORDERS ONL Y! 

For Errors or Change of Address CALL ham radio 
direct at (603) 878-1441 8-5 EST 
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ADVERTISER'S INDEX AND READER SERVICE NUMBERS 
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RELY ON JAN 
FOR 3-WAY HELP: 

1. TECHNICALLY 
CORRECT CRYSTALS 

TO YOUR SPECS. 

2. QUICK TURNAROUND 
WITH HUGE 
INVENTORY, PROMPT 
SERVICE. AND OUR 
EMERGENCY ORDER 
PLAN. 

3. LOW PRICES. •" 107 


QUARTZ CRYSTALS FOR 
TWO-WAY — INDUSTRY 
MARINE — AMATEURS 
SCANNERS — CBs 
MICROPROCESSORS 


FOR FREE CATALOG, 
CALL OR WRITE: 

JAN CRYSTALS 

RO BOX 06017 
FORT MYERS. FL 33906 

(813) 936-2397 



TOLL-FREE: 1-800-237-3063 

IN FLORIDA: 1-800-226-XTAL 
V FAX ORDERS: 1-613-936-3750 , 



THE 1988 

ARRL 

HANDBOOK 


NEW 

EDITION 

The 1988 ARRL Handbook For 
The Radio Amateur carries on the 
tradition ot the previous editions 
by presenting 1200 pages of com¬ 
prehensive information for the 
radio amateur, engineer, tech¬ 
nician and student. Clothbound 
only S21 in the U.S..S23 in Canada 
and elsewhere. 


98 (23 August 1988 
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MISSOURI 
RADIO CENTER 


1 - 800 - 821-7323 



KENWOOD 


IC-761 NEWEST HF SUPER RIG 

• 160 lOM/General Coverage 
Receiver 

• Built-in Power Supply and 
Automatic Antenna Tuner 

• SSB, CW, FM. AM. RTTY 

• QSK to 60 WPM 


ALD-24T DUAL BAND MOBILE 

• 140 149 995 MHz/440-450 MHz 

• 25 Watts on Both Bands 

• Crossband Full Duplex 

• 21 Memory Channels 

• CTCSS Encoder/Decoder. 
Standard 


HF/VHFrUHF 
FT-767GX base station 

• Add Optional 6m, 2m & 

70cm Modules 

• Dual VFO's 

• Full CW Break-in 

• Lots More Features 


2m and 220 MHz Amplifiers 
GaAsFET Receive Pre Amps 
and High SWR Shutdown 
Protection 

144 MHz S 

MODEL A 

2-23 2 m/30 out L 

2-217 2 in/170 ou! E 

2-117 10 in/170 out „ 

220 MHz R 

3 22 2 in/20 out I 

2- 211 2 ln/110 out C 

3- 312 30 in/120 out E 

CALL D 


FT-736R VHF-UHF base station 

• SSB, CW. FM on 2 Meters 
and 70 cm 

• Optional 50 MHz. 220 MHz or 
1.2 GHz 

• 25 Watts Output on 2 Meters. 
220 and 70 cm 

• 10 Walts Output on 6 Meters 
and 1 2 GHz • 100 Memories 


IC-735 COMPACT HF TRANSCEIVER 

• All HF Band/General 
Coverage Receiver 

• 12 Memories/Frequency and 
Mode 

• USB, LSB.AM.FM.CW 

• 100 Walts Output 

• Includes HM-12 Scanning Mic 


TS-140S AFFORDABLE DX ing' 

• HF Transceiver With 
General Coverage Receiver 

• All HF Amateur Bands 

• 100 W Output 

• Compact, Lots of Features 


KENWOOD 


Power 

Supply 


IC-900 SIX BANDS IN ONE MOBILE 

• Remote Controller. Interface 
A Unit. Interface B Unit. 
Speaker. Mic and Cables 

• Six Band Units to Choose 

• 10 Memories Per Band 

• Programmable Band Scan 

• Fiber Optic Technology 


FT-212RH 

THE ANSWERING MACHINE" MOBILE 

• Rx: 138-174MHZ 

• Tx: 144-148 MHz 

• 45W Output 

• Digital Voice Recorder 

• FT-712RH for 70cm 


• RS7A . $48 • RS35M ..$149 
•RS12A . $68 »VS35M $165 

• RS20A $88 • RS50A .. $189 

• RS20M ..$105 • RS50M $215 

• VS20M . .$125 «RM50A $219 

• RS35A . . $133 • VS50M . . $229 


2m FM Mobile Transceiver 
45W Output w/HILo Switch 
14 Multi-Function Memories 
TM 421A Available For 
440 MHz 


KENWOOD 


TH-25AT 

POCKET-SIZED 
AND POWERFUL 
Frequency Cover¬ 
age 141-163 MHz 
(Rx). 144 148 MHz 
(Tx) 

Front Panel DTMF 
Pad 

5 Watts Output 
14 Memories 
TH-45AT Available 
for 440 MHz 


IC-/.2AT 

IC-p4AT 

MICRO HT S 
FOR 2M 440 

Pocket Size HT Fun 
Ten Memories 
LCD Readout 
Wideband Coverage 
Up to 3 Watts Output 
32 Built-in 
Subaudible Tones 


FT23/73R 

• Super Mini" 
HT's 

• Zmc-Aluminum 
Alloy Case 

• 10 Memories 

• 140-164 MHz. 
440 450 MHz 

• 2W Battery 
Pack or 
Optional 
5W Pack 


PK-64/HFM 

• Morse, Baudot. ASCII. AMTOR 
and Packet 

• Operates VHF and HF 

• You Need Only Your Transceiver 
and a Commodore 64 or 128 

SPECIAL! FINAL CLEARANCE 

$ 149.95 Limited Supply 



• MOST ORDERS SHIPPED SAME DAY • 


SANTEC TEN-TEC VANGORDON VIKING WELZ 



















































OPTOELECTRONICS INC. 



POCKET SIZE 


SIZE: 4"Hx3.5 Wx1"D 
MADE IN USA 


#TA-100S 



FREQUENCY 

COUNTERS 

TO 2.4 GHZ 

8 LED DIGITS ‘ 2 GATE TIMES 
ALUMINUM CABINET 
INTERNAL NI-CAD BATTERIES INCLUDED 
AC ADAPTER/CHARGER INCLUDED 



EXCELLENT SENSITIVITY 
& ACCURACY 

AC-DC • PORTABLE 
OPERATION 


Small enough to fit into a shirt pocket, our new 1.3 GHz and 2.4 GHz. 8 digit frequency counters are not toysl They 
can actually out perform units many times their size and price! Included are rechargeable Ni-Cad batteries 
installed inside the unit for hours of portable, cordless operation The batteries are easily recharged using the AC 
adapter/charger supplied with the unit. 

The excellent sensitivity of the 1300H/A makes it ideal for use with the telescoping RF pick-up antenna; 
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as; Police, 
firefighters. Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden 
"bug" transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe 
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmitters, 
signal generators and other devices to accurately monitor frequency 

The size, price and performance of these new instruments make them indispensible for technicians, engineers, 
schools. Hams. CBers. electronic hobbyists, short wave listeners, law enforcement personnel and many others. 


« 4 QMl COUNTER 


JHOIJ.DOOO 


__ • __ JL 

STOCK NO: _ _ __ 

#1300H/A Model I300H/A I-1300 MHz counter with preamp, sensitivity, • ImV 

2 7MHz to 450MHz includes Ni-Cad batteries and AC adapter S169.95 

« 2400H Model 2400H 10-2400 MHz microwave counter includes Nl-Cad 

batteries and AC adapter 1299.95 

#CCA Model CCA counter/counter, lor debugging, ultra sensitive. < 50 micro 

volts at 150MHzl I -600 MHz with adjustable threshold, RF indicator 
LED Includes Ni-Cad batteries and AC adapter *299.95 

ACCESSORIES: 

#TA-100S Telescoping RF pick-up antenna with BNC connector . *12.00 

# P-100 Probe, direct connection 50 ohm. BNC connector 120.00 

#CC-12 Carrying case, gray vinyl with zipper opening Will hold a counter and 

# TA-1000S antenna *10.00 
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ORDER FACTORY DIRECT 

FLA (305) 771-2050 -(. 800 - 327-5912 VIST AVAILABLE NOW I 

^ OPTOELECTRONICS INC. 

Orders to US ai d Canada add 5% of total ($2 min, $10 max) 
5821 N.E. 14th Avenue Florida residents add 6% sales tax. COD fee $2 

Ft. Lauderdale. Florida 33334 Foreign orders add 1 5% 













HF performance you can 
have a real field day with. 

With Yaesu's FT-757GX/II, you to mode. IF notch filter. 10 mem- operation for up to 30 minutes, 
can enjoy full-featured HF per- ories. And VFO to VFO scan. Computer Aided Thins 

formance just about anywhere. Plus you get an iambic elec- ceiver (CAT) System for com 

On vacation. During field tronic keyer. Woodpecker noise puter control via optional 

day. On the road. Or in your blanker. 600-Hz CW filter. AM interface (software is available 

shack. and FM modes. AF speech pro- from your Yaesu dealer). 

Because the FT-757GX/II cessor. And 25-kHz marker Of course, the FT-757GX/II 

packs all its HF performance generator. All at no extra charge, offers the kinds of options 
into one highly compact, action- Three microprocessors. you’d expect from Yaesu, too. 
ready case. A case so small, Dual VFOs. Single-button VFO/ Including standard and heavy- 

it even fits under airplane seats, memory swap. Receive cov- duty power supplies, auto- 

Of course, you’ve probably erage from 500 kHz to 30 MHz. matic antenna tuner, and more, 

noticed a similarity to its pre- TYansmit coverage from 10 So no matter where you 

decessor, the FT-757GX. That’s to 160 meters, including WARC work the DX, take along Yaesu’s 
purely intentional. And now its bands. All inode coverage FT-757GX/lI.The full featured 

performance is even better. (LSB, USB, CW, AM and FM). HF rig you’ll have a real field 

With new features like mem- 100-watt RF output. day with, 

ory storage of operating mode. QSK operation. Massive 

Slow/fast tuning selection. Auto- heatsink and duct How cooling 
matic step change according system for continuous RTTY 




Yaesu USA 17210 Edwards Road, Cerritos, CA 90701 (213) 404 2700. Repair Service: (213) 404 4884. Parts: (213) 404 4847. 
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Prices and specifications subject to change without notice 







KENWOOD 

o 

. pacesetter in Amateur Radio 



Four to Go! 


TM-221A/ 


321A/421A/ 


1A 




144/220/450/1300 MHz 
The Hottest Selling Compact 
FM Mobile Transceivers 

The all-new TM-221A, TM-321A. 
TM-421A and TM-521A FM trans¬ 
ceivers represent the “New Genera¬ 
tion" in Amateur radio equipment. 

The superior Kenwood GaAs FET 
front end receiver: reliable and 
clean RF amplifier circuits, and new 
features all add up to an outstand¬ 
ing value for mobile FM stations! 

The optional RC-10 handset/control 
unit is an exciting new accessory 
that will increase your mobile 
operating enjoyment! 

• TM 221A receives from 138- 
173.995 MHz. This includes the 
weather channel ',' Transmit range is 
144 148 MH/ Modifiable for MARS and 
CAP operation (MARS or CAP permit 
required) 


TM-321A covers 220 224.995 MHz. 
TM 421A r overs 438 449.995 MHz. 
and the TM 521A covers 1240 1300 
M; . (Specifications guaranteed for 
Amateur band use only ) 

Built in front panel selection of 38 
l i lss i TSU 5 programmable 
decoder optional. 

Simplified front panel controls — 
makes operating a snap! 

16 key DTMF hand mic , mic. hook 
mounting bracket, and DC power 
cable included 

(nr 

quick and easy QSY 
TM-221A provides 45 W. TM-321A 
25 W. TM 421A 35 W. and 1M-521A 
»v All models have adjustable low 
power 

Packet radio compatible! 
Programmable band scanning 
with memory scanning and 

lemory channel lock-out. 

• New ambei LCD display. 


• Kenwood non volatile operating 
system All functions remain intact 
even when lithium battery back-up 
fails (Lithium cell memory back-up. 
est life 5 yrs ) 

• 14 full-function memory channels 
store frequency, repeater offset, 
sub tone frequencies, and repeater 
reverse information Repeater offset 
on 2 m is automatically selected. 
There are two channels for "odd 
split" operation 

• Super compact 

approx. 1-1/2"Hx5-1/2"Wx7"D 

• Microphone test function on low 
power. 

• High quality, top-mounted speaker 

• Rugged die-cast chassis and 
heat sink. 


Optional Accessories 

RC-10.-, !■ ’ . 

PG-4G ' •• it." ' ■' • • 'll- r 

PS-S0/PS 430 TSU-5 

■ ii • ■! SW 100A 

l. I! ip.-i! I swn ruiwer V(.lt met," < 1 8 IMi MH/. 
SW-100B imp.u t SWH'|"i.v-t 1 V' il mctf'i iVle 

:■ SW-200A I ■■■• 

MM- SW-200B I' ..I' 'M i* 


MHz SWT 1 oriiiiad t 1 n. .inlunp.i lunoi |200 

SWT-2 

.7 I : SWC-4 -. ’ • .. I. •: ii 

* SP-40 ■ ■ : i ' ■ t ■ .t■.iK.• f 

SP-50B PG 2N 

PG-3B MC-60A. MC-80. 

MC-85 MC 55 '' I ■ 

MA-4000 

'll ,'(l . lllj.il I Mill I .HlllTHI.I (Villi 'luplt‘«|l (mount 
•I .i i ■ n MB-201! *t» - out 


KENWOOD 


KENWOOD U S A CORPORATION 

2201E Dominguez St Long Bench. CA 90810 
I’D Box 227.1', Long Bench. CA 90801 5745 


RC-10 Remote Controller 


For TM-221A/321A/421A/521A 
Optional telephone-style handset 
remote controller RC 10 is specially 
designed for mobile convenience 
and safety All front panel controls 
(except DC power and RF output 
selection) are controllable from the 
RC 10 One RC-10 can be attached 
to a combination of two trans¬ 
ceivers with the optional PG-4G 
cable When two transceivers are 
connected to the RC-10, cross 
band, full duplex repeater opera¬ 
tion is possible. (A control operator 
is needed for repeater 
operation ) 












THIS LUCKY 
HAM WON 
A KENWOOD 
940 STATION 
AT BOXBORO! 



DISCOUNT 
RESERVATION 
COUPON 
= INSIDE 


TO LEARN ABOUT A 
M ASSAC HUS KITS VACATION 
CALL I-800-447-MASS 



everyone drives to 

THE WONDEREl I. 


Bomboro 

Harafest 

October 
1 & 2 
1988 


EARLY BIRD 

DISCOUNT 

COUPON 

IN THIS 

MAGAZINE! 




The Bh$ 1 Ham Convention Ever! 


MEET: Every Manufacturer 
Every Dealer 

you'd ever want to see! 


• ICOM • KENVHIOD* V A ESI • TENTEl • CIIMRAD* nil 

• KCK • I I Mil UAH • U INI O* TKI.KV IIV«.\|N 

• HAM RADIO* MAI • ORION* KEATK • (1,1 • PERII'IIEN 

• I’AlilM \R • DSRI • IIKI.TA I.OOI 1 • l*\ SHACK • IU I'AlflS 

• AIIKACE/kl.AI • Osl.h, VI l\in • si.lKNI K WORKSHOP 

• DELAWARE • AMI'si PIMA • 1 KM OM • AKA* MU 

• k.ANTKIINICs* OProEKEITKONIIS* K. II. YOST* T3 

• IIARCO K\(.H AAINC* AISTIN ANTENNA* KAAISKA 

A All IKK AI>IIKII KAKKA W EEKI 


TWO 

BIG 

DAYS 


SAVE f 1 


OCT. 1 & 2 1988 
SHERATON BOXBORO 


Houle III al Route495 
Boxboro. Massachusetts 


To N H & Canada 


! REGISTRATION 

WITH THIS CARD 


TO 

an: 


BOVTDn"- 





ORDER NOW AND 

SAVE $1.00 on EVERY registration! 


nil tiiii 


OCTOBER 1 & 2 SAT. & SUN. 


New England A.R.R.L. Convention 




• ANTENNA PROGRAMS • F.C.C. EXAMS* WOUFEHONC* YLRROCRAMS 


11 ' 


IIO« 

MANY ? 

□ REGISTRATION 

intjuiml ii( mMiMif m»f IM 


EAKI.Y ItlltD DISCOUNT(OI POY 

KI.KA MARKET SKU.Eirs 

- PERMITS (ONE REGISTRATION 

REQUIRED VIITH EACH PERMITl 


□ SATURDAY NIGHT sn 

DANCE. SHOW X ' ", 

R()AST BEEF BAN^t ET m * nr 

Your Name _ 

V»nr (.umplrtr (JTII 


SATURDAY SUNDAY 

D TENT $14 □ TENT *14 

□ OUTSIDE t‘> □ (ll (SIDE ?'( 

SEPARATE PERMIT Kill EACH DAY 


Mnk.-Clir.-k Ifyal.lr To: F.K.M.A.R.A.. and Mail with S.A.S.F.. lo: 
ArthurTomkinH.il: % ITHT. 9 Olivor Tcrracr, Rrvrrr. M A 02151 




